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THE ARC IN HIGH VACUA 
By R. E. LOVING 
INTRODUCTION 


If a discharge tube is made with the electrodes placed opposite 
and extending very close to each other, e. g., 1 mm apart, one may 
observe the following phenomena as the pressure is gradually reduced. 
With pressure of the order of 1 mm of mercury, the current passes in 
the form of the ordinary purple glow. As the pressure is lowered, 
the luminosity of the gas decreases, and there is a noted increase in 
the potential difference necessary to cause the discharge to pass. 
This last fact is strikingly illustrated in the classical experiment of 
Hittorf.!_ Professor Thomson, in his theory of the discharge through 
gases, has shown that the potential difference necessary to produce 
the discharge in a vacuum tube must become very much greater if the 
distance between the electrodes is made less than the length of the 
negative dark space at the existing pressure. If the potential differ- 
ence between the electrodes is still further increased by putting a 
spark-gap in series with the tube in the circuit leading to the electrical 
machine, cathode rays are given off strongly even at a pressure of 
1mm. When a pressure of a few thousandths of a millimeter is 
reached, if the external spark-gap is increased to 2 or 2.5 cm, the 
profuse cathode discharge and the attendant phosphorescence over 

1 Wied. Ann., 21, 96, 1884. 
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the surrounding glass walls vanish, and the current passes in the 
form of a brilliant spark or arc between the electrodes. 

Soon after the discovery of the Roentgen rays, Professor Rowland,' 
in the course of some experiments on the source of the radiation, 
noticed in one of his tubes, having aluminium electrodes about 1 mm 
apart, that when the pressure was extremely low, the discharge 
passed as a “spark or arc” between the electrodes. He observed 
that the spot of light on the anode was the seat of very strong Roent- 
gen radiation. Professor R. W. Wood,? working independently, 
published about this time a paper on “‘A New Form of Cathode Dis- 
charge and the Production of X-Rays, together with Some Notes on 
Diffraction,” in which he noted many of the properties of the dis- 
charge and mentioned some points deserving further study. 


GENERAL STATEMENTS 


Before taking up in order the several lines along which this investi- 
gation was directed, I shall give a brief description of the arc as I 
have produced it. Then I shall indicate the view which I was led 
to take concerning the nature of the discharge. Thus will be made 
apparent the points chosen for special study, the results of which 
have substantiated the view adopted. There will also appear the 
grounds on which I have chosen to speak of the discharge as an arc, 
although it is of course intermittent. 

The electrode which I have found to give the most intense light 
are platinum beads about 1.5 mm in diameter, easily made by fusing 
the end of a platinum wire in the oxyhydrogen flame. If the vacuum is 
good, say a few thousandths of a millimeter, and the beads are placed 
2 or 3 mm apart, the cathode rays go off in every direction from the 
negative electrode, but principally in the horizontal plane normal to 
the cathode wire and containing the negative bead. If now a spark- 
gap of 2 or 2.5 cm is introduced in the circuit leading to the machine, 
and the electrodes are brought nearer together, when they are within 
about 1 mm of each other, the phosphorescence on the walls of the 
vessel vanishes, and there appears the brilliant light on the anode 


bead. 


But while under these circumstances there was no phosphores- 


t Physical Papers, p. 574. 2 Physical Review, 5, 1, 1897. 
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cence on the walls of the outer tube, there was a bright glow on the 
small capillary tube into which the anode wire was sealed (see Fig. 
3), extending several centimeters beyond the seal. This phosphores- 
cence on the anode tube did not appear at relatively high pressures, 
but only when the pressure and distance between the electrodes were 
such as to cause a very high potential difference—i. e., only when 
there was a strong electric field around the electrodes. It was also 
observed that when this glow first became distinct on the anode tube, 
there was often a faint glow on the cathode tube also, but this did not 
persist at very low pressures or when a wide external spark-gap was 
introduced. A tube having platinum-wire electrodes sealed into 
bulbs joined by a capillary showed that when the potential difference 
between the electrodes was not too high, cathode rays were given off 
with very rapid alternations by each wire, principally by the normal 
cathode, and less by the electrode joined to the positive pole of the 
machine. The discharge from the machine was therefore under 
these conditions oscillatory, as was shown also by a telephone placed 
in the circuit. Thus the occasional appearance on the cathode tube 
of the phosphorescent glow, such as persisted on the anode tube, but 
nowhere else when the potential difference between the electrodes 
became very high, was due to its being temporarily an anode. The 
persistent phosphorescence on the anode tube is due, I think, to two 
causes. Some cathode rays shot off from the cathode toward the 
anode do not strike the bead, but go just by its edge, and, moving 
parallel and very close to the anode wire and tube, are drawn in by 
the very strong field about the tube and so strike against it, causing 
the phosphorescence and a feeble emission of Roentgen rays. More- 
over, there is a small quantity of gas present in the vessel, and gas is 
being given off continually by the beads, particularly by the anode, 
which suffers disintegration, so that the pressure about the electrodes 
is probably appreciably higher than the average pressure in the system 
which is registered by the gauge. Since this gas about the electrodes, 
and especially in the region around the positive wire and tube, is 
ionized by the cathode rays which go past the positive bead, we may 
expect that the electrons or negative particles thus set free will be 
drawn in toward the anode, and in moving through the high potential 
gradient near the anode tube will acquire sufficient energy to cause 
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phosphorescence. Such an accelerating action of the positive electrode 
on the cathode rays is illustrated in many Roentgen-ray tubes, where 
it is found that the emission by the anti-cathode is markedly increased 
if this is made the anode or is joined with the anode. In fact, instances 
may be cited in which the anti-cathode gave no evidence of even a 
feeble Roentgen radiation unless it was made anode, in which case 
it became a strong source. If the above explanation of the glow on 
the anode tube is correct, we should expect that any screen or obstacle, 
placed in close to any part of the anode wire or tube so as to obstruct 
a section of those cathode rays which pass by the anode beads, would 
produce at most only a shading in the glow on the tube, and not a 
complete shielding; for there would still remain the effect due to the 
electrons set free in the surrounding gas by the stray cathode particles. 

After the arc has commenced to pass steadily, the distance between 
the electrodes may be increased to 1.5 mm, provided the vacuum is 
maintained by pumping (for the evolution of gas by the electrodes 
is considerable). Under these circumstances, which are the most 
favorable for observing the discharge, the source of light has not the 
form: of a continuous line reaching from one bead to the other, as is 
the case with the ordinary spark, but rather looks like a crescent on 
the outer or near surface of the anode. The accompanying drawing 
will make my meaning plain. This brilliant light is usually sur- 
rounded by a sort of halo or corona, the color of which depends on 
the metal of the anode. This halo was most marked with a mag- 
nesium anode, and was of a yellowish-green color. If the discharge 
runs for some time, the end of the anode is markedly disintegrated. 
Red-hot particles are shot off from the end of the anode in every 
direction. This effect was most striking in the case of a titanium 
anode, when the luminous particles were shot off in great numbers, 
and often suffered several reflections from the walls of the vessels 
while still glowing. This disintegration of the anode is of course 
more marked for the volatile metals. There is also a deposit on the 
end of the cathode, and the amount of this deposit is apparently pro- 
portional to the loss of the anode. ‘Two especially well-formed deposits 
and craters were noticed with a platinum cathode and magnesium 
and iron respectively as anode. I give in Fig. 2 a sectional view 
of the anode and cathode, before the discharge and after it had run 
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for about two hours. If the vacuum was about 0.cor mm and the 
external spark-gap was closed so that the discharge became less 
intermittent, the anode bead was intensely heated; the small platinum 
bead could thus be raised to a white heat in a minute or less. This 
heating of the anode is of course only an example of the well-known 


action of cathode rays on any obstacle 
against which they strike. If the dis- 
charge is intermittent, there is time 
between the showers for the heat to pass 
off by radiation and conduction along 
the wire. Again, if the pressure is not 
extremely low, the potential gradient is 
not great enough for the cathode parti- 
cles to be given sufficient energy to cause 
visible heating by impact. If the anode, 
instead of being a bead on a small wire, 
was a small bar of metal 1.5 mm in 
diameter, no visible heating effect could 
be produced, conduction in this case 
being too rapid. 


Crescent 


Fic. 1 


- Having observed that the anode wastes away as in the ordinary 
arc, that the light belongs to the anode rather than to the two elec- 


Before Fic. 2 


After 


Cathode 


Anode 


trodes equally, that it is much more intense than the ordinary spark 
in air between the same electrodes with the same source of current, 
that the anode is (under certain conditions) visibly heated, I have 


; 
| 
‘ag 
{ - - - -- 
---- ------ Anode 
| 
' 
| : 
5 
| 


290 R. E. LOVING 


chosen to designate the discharge by the word “arc”; not meaning 
that I consider it similar to a uniform steady arc, but rather that it 
is in these respects analogous to the arc, and, when the anode is 
markedly heated, possesses the essential characteristic of the arc. 
The fact that the light is emitted by the bombarded anode, and that 
the luminosity as well as the heating of the anode seems to be due to 
the violent impact of the cathode particles, makes it plain that the 
discharge cannot be strictly an arc or a spark, for no such conditions 
exist in either as they are commonly produced. The phenomena 
might seem to approximate more nearly to a possible state of things 
in the chromosphere, where we may think of the matter as suffering 
severe impacts of the small parts against each other, due to the falling 
in, under the Sun’s attraction, of material from the outer portions. 
Hence it was that I have studied the spectra of such substances as 
show strong chromospheric lines. Moreover, from the experiments 
of Hartmann’ and others it appears that the conditions for the 
existence of the so-called characteristic spark lines are fully met in 
this case, so that we should expect in advance to find these, whether 
or not there are also present characteristic arc lines. 
OBJECT OF INVESTIGATION 

In the study of this discharge the points which seemed to merit 
special investigation were: 

What becomes of the cathode rays when the profuse phosphores- 
cence on the walls of the tube vanishes and the brilliant little arc 
appears ? 

What is the action of a magnetic field on the arc ? 

Is there any change in the current when the above-mentioned 
change in the discharge takes place ? 

What is the nature of the spectrum of the light emitted—does it 
correspond in general to the characteristic spark or arc spectrum, and 
is the character of the lines at all similar to the corresponding chro- 


mospheric lines ? 
APPARATUS 


The vacuum was produced with a Geissler-Toepler mercury pump, 
and the pressures were read with a McLeod gauge. The source of 
current was always a six-plate Toepler-Holtz electrical machine. 

t Astrophysical Journal, 1'7, 270, 1903. 
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This was used rather than a coil, since such a machine gives a prac- 
tically constant potential and unidirectional current. If working 
under favorable weather conditions, the current from the machine 
was about 0.15 milliampere on closed circuit and 0.1 milliampere 
with an external spark-gap of 2.5 cm in series with the tube. These 
readings were made on a Roentgen ammeter, kindly furnished by 
the Roentgen Manufacturing Co. of Philadelphia. It was in every 
case necessary to have one of the electrodes movable, hence the dis- 
charge apparatus was always mounted on a glass tube about 85 cm 
long, dipping into a mercury basin. The lower electrode was sealed 
into a glass tube bent into the form of a U, one arm extending up the 
long glass tube in which the mercury formed a barometer column, 
the other being held in a clamp which was movable by a slow motion 
screw. The particular form of tube and other apparatus depended 
on the experiment in hand, and will be described in connection 
therewith. 
EXPERIMENTS ON CATHODE RAYS 

The vacuum apparatus used in all experiments in this connection 
was a small bell-jar, 8 cm in diameter and 20 cm high, fastened to a 
ground aluminium plate with stopcock grease (prepared according 
to the formula of Travers: 1 part vaseline, $ part paraffin, 2 parts 
rubber. The lower electrode was always connected to earth. The 
platinum wires P and Q, on which were fused the electrode beads, 
were sealed into capillary tubes, as thin-walled tubing was often 
punctured by the discharge, which seemed to prefer a path of 10 
or 15 cm to the very short one between the beads. The tube car- 
rying the electrode P was sealed into the mouth of the jar J with 
Khotinsky wax, and the aluminium plate A was similarly fastened 
on to the barometer tube H. Through H there passes, alongside 
the electrode tube, a glass rod R bent into a U at the bottom, and 
at the top into a shape indicated in the figure, so that any kind of 
phosphorescent screen or obstacle could be mounted on this rod by 
being fastened on to’a small piece of glass tubing which fitted rather 
snugly over the end of the rod. This cap could be made secure 
and rigid by a little wax warmed and put on the end of the rod as 
the cap was pushed down over it. The rod R is capable of a rather 

t Study of Gases, p. 24. 


~ 
' 
j 
ue 
| 


292 R. E. LOVING 


wide vertical motion, so that any part of any mounted screen could 
be brought opposite either of the electrodes P and Q. A limited free- 
dom of rotation of R about itself as axis made it possible to bring the 
screen up to the electrodes or to hold it quite out of the line of the 
discharge. 

Now, the very intense emission of 
Roentgen rays by the end of the anode 
very near to the cathode in a highly 
exhausted tube, as has been already 
alluded to, might seem to indicate a 
sort of focusing, so to speak, of the 
cathode rays on the anode surface just 
next toit. Moreover, some Roentgen- 
ray graphs taken by the writer with 
a pinhole camera seem to indicate that 
the surfaces most vigorously bombarded 
by the cathode rays during the arc dis- 
charge are the opposite surface of the 
anode, the wire, except just above the 
bead, and the more or less blunt end 
of the glass tube into which the anode 
wire is sealed. It may be remarked 
that on a plate obtained with a two- 
hour exposure at a distance of about 
1o cm from the source there is no 
impression of the cathode, so that there 
seems to be no Roentgen radiation at 
H the starting-point of the cathode parti- 
cles. A distinct impression was made 
by the lower surface of the anode in 
three minutes. 

Hence it was thought that, after the arc was formed, the distribu- 
tion of the cathode rays was probably such as the following, viz.: 
the principal part of the discharge passes across directly from one 
electrode to the other, and the few cathode particles, shot out at 
a small angle with the vertical and going past the anode bead, are 
deflected by the electric field, which is very strong on account of the 
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extremely low pressure and the nearness of the electrodes. ‘These 
are thus drawn in toward the anode, and so strike against the anode 
wire or the glass tube farther on. To test the views which I have 
indicated concerning the distribution of the cathode rays, and the 
cause of the persistent glow on the anode tube, the following experi- 
ments were made. 

A small piece of copper foil about 5 mm square, and coated over 
with burnt ruby dust, which phosphoresces with a bright red color 
under the cathode rays, was mounted on the rod R (Fig. 3) with its 
plane vertical and perpendicular to a radius of the jar. By means 
of the rod the screen could be moved in a vertical or horizontal plane. 
Before the arc formed, if the screen was opposite the cathode bead 
or any part of that wire, there was a bright glow on the side of the 
screen next to the electrode and a weaker glow on the opposite side, 
the latter being evidently due to the diffuse cathode radiation from 
the walls of the jar. After the arc was formed there was no glow on 
the screen until it was moved up to or above the level of the upper 
bead, which was anode. In such a position, however, there was now 
a glow on the outside of the screen (though there was no radiation 
from the walls of the vessel) and none on the inside next to the elec- 
trodes. If the screen was moved up very close to the glass tube 
carrying the anode, there was a weakening of the phosphorescent 
glow on this tube, but not a complete shadow. A very strong phos- 
phorescence was seen on the edge of the screen next to the cathode 
when the screen was so placed that its lower edge was opposite to or 
above the anode bead and was close in to the axis of the discharge. 
The fact that during the arc discharge there was, for the above- 
mentioned position of the screen, a glow only on the far side, shows 
that the cathode particles in the region are moving with appreciable 
velocity only toward the anode. This glow is thus due principally 
to the electrons generated in the region and drawn toward the anode 
by the electric field. The much stronger glow on the edge of the 
screen next to the cathode shows that, besides these secondary rays, 
there are some which come directly from the cathode against this 
edge. 

Such a screen as was described above was then mounted with its 
plane horizontal. Before the arc passed, if the screen was on the 
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cathode side of the gap, there was a glow on the surface facing the 

gap. But if the arc was formed, there was no phosphorescence on 

| the screen for such a position; but if it was moved opposite the anode 
wire or bead, and brought in very close to the wire, the glow appeared 

on the side facing the cathode; and this glow was much more intense 

on the parts of the screen nearest to the electrode wire. This was 

more marked if the screen was placed near the anode wire just beyond 

the bead. This screen, as the one above referred to, failed to cast 

any distinct or sharp shadow on the anode tube, which, as I have 

said, phosphoresced brightly for several centimeters beyond the seal 

of the platinum wire. This experiment also tends to confirm the ) 
opinion that some particles leave the cathode in a direction slightly 
inclined to the vertical and pass around the anode bead, but that - 
most of them are confined to a region very close to the anode. 

Besides the metallic ones, several mica screens were used, also 
screens or obstacles made of newly drawn small soda-glass wires. 
The phenomena were in each case similar to those of the experiments 
described above, and suggested the same explanation. 

Now, with a fairly low pressure and small external spark-gap, it 
was often noticed that the phosphorescence on the bell-jar was con- 
fined to a narrow zone including the plane of the cathode bead, thus 
showing that the particles were shot out horizontally. As the neces- 
sary conditions for the arc were more nearly satisfied, the phos- 
phorescent zone moved toward the anode end of the jar and became 
progressively less defined. The preceding experiments show that 
when the discharge passes as the arc, the cathode particles outside of 
the arc-gap are confined to the region close around the line of dis- 
charge and (excepting secondary radiation) are moving parallel to 
the discharge. It therefore seemed of interest to investigate whether 
there was a gradual change in the path of the rays from along a 
horizontal to a vertical direction. 

A mica screen about 2cm square, coated with ruby dust, was 
mounted with its plane vertical, and almost but not exactly contain- / 
ing the electrode wires. This gave sections of the cone of rays sent 
out by the cathode, and the shadow of a short glass wire which 
pierced the screen showed their path. Again, a mica disk mounted 
horizontally, and having a small hole in its center, could be placed 


H 
ig 
K 
} 
l | 
— 


THE ARC IN HIGH VACUA 295 


by means of the rod R in any desired position above or below the 
gap. As the cathode particles are at times shot out horizontally, 
and then, when the potential difference is increased, in a direction 
making an acute angle with the line joining the cathode to the anode, 
it was thought that the horizontal screen would indicate the angle at 
the vertex of the cone of rays from the cathode, and show whether 
this angle decreased continuously till the discharge passed as the arc; 
when, as already observed, no cathode particles make any large angle 
with the vertical. No result pointed to any other conclusion than 
that the change from the non-luminous to the so-called arc discharge 
was abrupt. There was no continuous and gradual concentrating cf 
the rays along or nearly in the vertical, although the latter distribu- 
tion always accompanied the arc. Furthermore, it was noticed that 
even when the mica disk was just opposite the end of the glass tube 
into which the anode was sealed, there still remained the phosphores- 
cence for 3 or 4m along the anode tube. 

I then determined to look more especially for the source of the per- 
sistent phosphorescence on the anode tube near to and just above the 
seal of the platinum wire into the glass. A small glass wire, about 
1.5 mm in diameter, was bent into a ring large enough to go over the 
anode tube and leave a space of at least 1 mm all around. This was 
mounted on the rod R and, as the arc passed, was moved into various 
positions along the phosphorescent portion of the anode tube. Some- 
times there seemed to be a faint shadow, but the cases were irregular 
and uncertain. Two little glass wires, about 3 mm long, stuck on 
to the anode tube radially, also failed to cast any distinct shadow 
along the tube. Bits of platinum wire gave similar results. The 
phosphorescence along the tube at points 2 or 3cm from the end 
was then not caused principally by the glancing impact of rays shot 
out from the cathode and moving in paths only slightly inclined to 
the axis of the discharge. 

Again, a thin glass disk, having in its center a hole just large enough 
for it to slip over the Pt beads, was mounted on the rod R. No 
position of this screen, whether just in the plane of the anode bead 
or quite up against the seal of this wire into the glass tube, gave 
any appreciable weakening of the glow on the anode tube. A small 
piece of glass tubing, 3 cm long and 2 or 3 mm larger in diameter 
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than the electrode tube, was mounted with the disk so that the two 
formed a sort of cap for the anode tube. This larger tube produced 
a very distinct shading, but there was still considerable phosphores- 
cence on the protected or screened parts, although no primary 
cathode particles could strike the anode tube, and no secondary ones 
except such as were generated within the inclosing tube. The only 
explanation which occurs to me of the phenomena in question is that 
the glass surface of the disk and of the short outer piece of tubing, 
being struck by primary and also by secondary particles, emits into 
the inclosed space some radiations which, under the action of the 
strong field, bombard the anode tube and also act as ionizers. Since 
this space was very limited, the number of ions generated, and so 


the number striking against the anode tube, was smaller than if the - 


tube had been removed, and so there was less intense phosphores- 
cence than on portions of the anode tube that were not thus enclosed. 


ACTION OF A MAGNETIC FIELD 


In studying the action of a magnetic field on the discharge, the 
vacuum apparatus was a glass tube about 3 cm in diameter having a 
T-tube sealed into one side just opposite the electrodes and covered 
at its end with a glass plate sealed on with wax. In the first experi- 
ments to be described this side tube was normal to the plane of the 
axis of the magnet and the line of the discharge, and was 5 or 6 cm 
long, so that the glass plate would not blacken so rapidly with the 
platinum deposit; for the arc was observed through this side tube. 
The arrangement is shown in the drawing on the following page, 
except that the side tube is here a very short one along the axis of 
the magnet, which was a later arrangement. N and S are the 
conical pole-pieces of the electromagnet; these are bored through the 
center, so that when desired the arc can be viewed by looking along 
the axis AB of the magnet. A variable resistance in series with the 
exciting coils enabled the strength of the field to be altered at will. 
With low pressures, say 6 or 7 thousandths of a mm, if the external 
spark-gap was adjusted and the electrodes so placed that the arc 
was just on the point of forming—i. e., passed irregularly—the effect 
of the magnetic field was to cause the arc to pass regularly or steadily; 
the field seemed then to aid the formation of the arc discharge. 
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Again, the magnetic field often caused the anode bead to become 
visibly heated. Both of these actions may arise from the fact that a 
magnetic field in general hinders the discharge.*| Here, then, its 
effect is to cause an increase in the potential difference between the 
electrodes, and is thus analogous to a lowering of the pressure. 

As evidence of the fact that cathode rays have a very much higher 
velocity when the magnetic field is on, the following phenomenon 
may be mentioned. If the arc is not passing, but we have the phos- 
phorescent glow over the tube, the magnetic field twists into spirals 


| 


Fic. 4 
(The oblique lines represent the Field Coils.) 
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the paths of all particles except such as are moving parallel to the 
field, and these therefore form on the tube a sort of image of the 
cathode. There thus remain two bright phesphorescent spots on 
either side of the tube, and the intensity of the glow is much increased 
in these images, as I call them. On cleaning the tube with aqua 
regia, it was found that in these places the glass appeared etched. 
It seems worth mentioning that this violent cathode discharge exerted 
some sort of deteriorating action on the walls of the tube around the 
discharge; for after a tube had been used for some days, it was found 
to crack very easily if put in the flame for any reason, and it was easy 
to break up the fragments of such a tube with one’s fingers. I have 
never seen it stated that the glass of cathode tubes becomes specially 
fragile, and have no explanation to offer, but simply mention the fact. 
As to a deviation along the normal to the plane of the electric and 
t Thomson, Conduction of Electricity through Gases, p. 474. 
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magnetic force of the spot of light which marks the point of impact 
of the cathode particles, it need only be said that with such magnetic 
field-strengths as I could obtain, calculation showed that the possible 
deflection of the rays was less than could be observed, especially since 
the arc was not stationary, but wandered about over the anode slightly 
according as one part or another of the cathode was specially active. 

It remains to be said that the magnetic field did not noticeably 
alter the distribution of the phosphorescent glow on the anode tube, 
though there was a slight weakening of the effect. 


CURRENT MEASUREMENTS 


Before I had the opportunity of using the Roentgen ammeter, I 
had made some readings with a small gas voltameter in order to see _ 
whether there was any appreciable variation of the current as the 
nature of the discharge changed. However, the current from the 
machine is very small and varies greatly with the weather conditions, 
so that I was not able to get any results which justified supposing that 
there was any material change in the current. 

Measurements with the Roentgen ammeter did not show any 
change of current whether the discharge passed as the arc or whether 
there was the brilliant cathode glow over the tube, nor did the mag- 
netic field have any readable effect. It is to be noted, however, that 
even a relatively large change in the resistance of the tube would 
make only a negligible change in the resistance of the whole circuit, 
including the machine itself, and that we do not have at hand a large 
source of current. Hence no large current changes should be 
expected for any of the variations which we have made in the con- 
ditions or nature of the discharge. 


STUDY OF SPECTRUM 


The spectrum of the discharge was produced with a Rowland con- 
cave grating of 60cm radius. It was desirable to study specially the 
violet end of the spectrum, as most of the substances examined have 
the strongest lines in this region. Hence I used always a tube hay- 
ing a quartz window. The arrangement of the tube, slit, etc., is 
shown in the diagram. No lens was used, as the arrangement would 
have required a specially ground one of quartz, and very little would 
have been gained by it anyway. The time of exposure necessary 
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was about one or one and a quarter hours. The films used were 
Eastman Kodoid, orthochromatic. The form of the electrodes was 
for one a platinum bead, and for the other a small bar of the substance 
about 1.55 mm diameter, fastened in the end of a brass wire. This 
wire, about 3 cm long and having a screw socket joint in the middle 
was fastened rigidly to a heavy platinum wire sealed into the upper 
end of the U-tube. To change the electrode it was necessary only 
to lift off the bulb above the ground joint, unscrew the little brass end, 


Window 


Grating 
FIc. 5 
and replace it by a similar one containing a different substance. For 
the calcium spectrum I used ordinary lime packed into a bored-out 
brass wire. 

The first substances tried were Mg and Pt as anode and cathode 
respectively. There seemed to be no trace of P# lines on the plate. 
It may be recalled here that I have said before that the light seemed 
to belong to the anode rather than to both electrcdes; so I thought 
it worth while to test this point spectroscopically with two such 
metals as Mg and Pt, the one very easily volatilized and the other 
quite the opposite. I therefore carefully cleaned the Pt bead with 
acid and reduced the pressure to a few thousandths of a millimeter. 
If now the discharge was started with the Pf as anode, an exposure 
of as much as two hours failed to show any sign of the Mg lines. Of 
course, it was not possible to get the spectrum of the other electrode 
merely by reversing the current between exposures, on account of the 
previous deposit from the anode on the cathode. Nor was it possible to 
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reduce the pressure gradually and determine by eye observations at 
what pressure the anode only was active, for sufficient Mg got on the 
Pt anode to show in the spectrum even after the pressure was so low 
that the Mg cathode itself had ceased to play any part. In going 
from very low to higher pressures, the steps could not be made 
gradually, and so all that I can say is that so long as the pressure was 
low enough to cause the discharge to have the form of the little 
crescent of light on the anode, only the lines characteristic of the 
anode could be seen. 

Having shown that the spectrum was characteristic of the anode 
only, if the discharge passed in the form which I have designated as 
the arc, I obtained the spectra of Mg, Cu, Cr, Mn, Ti, and Fe, 
respectively, by making anodes of these substances, the same Pé- 
cathode serving throughout the series. Only the stronger lines made 
an impression on the plates in the time given an exposure; these, 
however, were amply sufficient for purposes of comparison such as 
I had in mind. The general character of the spectrum does not 
correspond to that of the arc or spark. (I could not take the ordi- 
nary arc or spark spectra on the same film with the spectrum of this 
anode light, and the intensities for these as given in the tables below 
are from Exner and Haschek.) Nearly all of the strong spark lines 
appear, and the spectrum is very much more like the spark than the 
arc. But the relative intensity is by no means the same for all the 
lines. Nor does there seem to be any close analogy between the 
intensities in this case and those of the chromosphere. ‘There is 
observed here, however, an effect analogous to that brought out by 
Petaval and Hutton;' viz., certain lines have in this vacuum arc an 
intensity which is not at all in the same proportion to that of neigh- 
boring lines as in the ordinary arc or spark. It is doubtful if in this 
case the sole cause is diminution of pressure, but probably it is due 
both to the low pressure and to the fact that the luminosity is here 
excited under conditions materially different from those existing in 
the arc or spark in air. 

I give below a list of the stronger lines showing on my plates, with 
their relative intensities in the ordinary arc and spark, chromosphere, 
and the arc as I have produced it in the vacuum tube. I shall desig- 
nate these respectively by A, S, C, and Av. 

t Phil. Mag., 6, 569, 1903. 
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THE ARC IN HIGH VACUA 


MAGNESIUM 
| 
INTENSITY INTENSITY 
A A 

oe c | Av | A S c | Ay 
20 6 2 | 2 | 200 6 
20 5 I 3 200 8 
30 10 3 30 200 5 5 
20 5 I | 300 7 9 
ae 20 6 I aa | 100 500 10 15 
ee 5 100 12 Ye ° 50 I 20 
200 | 500 ? 
2 100 8 2 ° 
100 500 8 4 I 
500 100 8 5 2 

CALCIUM 
10 50 I 50 20 5 ° 
15 50 2 30 20 I 
ee 10 50 10 3 | ree 100 50 2 3 
oe 20 50 15 5 || 4308.. 30 20 5 o+ 
500 |1000 75 25 50 30 I r+ 
300 500 60 20 3 I 3 
1000 100 8 5 100 20 I 
50 20 I ° | 200 30 2 
CHROMIUM 

| 3 8 I 2 fe) 2 
4 20 I 2 10 I 
2 10 2 I I 
I 6 || 2 3 I 
I 5 O 8 I 
3 8 || 4 10 2 
3 10 3 10 I 
3 fe) I | 3 15 2 
4 15 3 20 3 
IO 4 20 4 
I 10 |i 2 5 
eee I 10 I | a 3 20 1+ 
I 8 f 15 1— 
I 10 2 I 20 I 
20 I 30 20 2 
4 15 2 30 20 2 
4 2 6 8 I 
eee I 7 I ee 5 8 I 
3 10 I 6 8 I 
3 I 4 5 I 
I 5 2 50 5° 4 
I 3 I 50 30 I 3 
5 2 30 30 I 3 
2935 I 4 I 10 8 I 
I 3 ° 10 10 I 
I 4 ° 15 10 I 2 
ee 2 10 2 
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MANGANESE 
INTENSITY | INTENSITY 
A 

A c | Ay | A | Cc Av 
ee 4 30 5 | eee I 4 ° 
4 15 I 3 ° 
4 10 4 I 3 ° 
s6z0...... I 8 z i] 9933....... 3 15 3 
2 8 3 20 4 
oe 2 7 2 err 3 30 5 
I 7 2 2 30 3 
I 5 2 2 20 2 
I 5 I I 15 2 
ee I 4 ° ae 2 12 I 
4 I 2 fe) ° 
ee I 5 2 See I 8 I 
I 8 2 4 6 I 
4 I 100 20 I 
rs I 5 2 ee 100 20 4 
3 I 50 10 3 
50 4 2 20 fe) 4 
eee I 5 I ae 8 7 I 
I 3 4 8 | 1 
I 3 I 5 6 I 
2 3 ° 4 1+ 
I 4 I 10 20 1+ 
I 5 I 5 10 
2890...... I fe) 2 

TITANIUM 

5 15 ° | 2 8 | I 
4 ° | 3 10 | 3 
3 10 ° 20 | 6 
8 15 2 fo) 10 | 5 
ae 4 6 2 a 5 20 | 3 
4 fe) I | 2 20 (| 2 
3249...... 4 10 I 15 | 2 
$008. ..... 4 15 15 4 | I 
5 10 10 10 2 
ee 6 10 I ere 10 10 I 
3 8 I 15 8 I 
re 5 10 I eee 20 8 I 
4 fe) 2 4 8 I 
8 10 4 2 8 I I 
I 30 3 5 5 I 
4 20 3 2 10 2 
3 20 3 
30 3 10 20 | 3 
ee 2 8 I a 4 15 2 2 
2 15 I 4 15 5 2 
2 8 I I 6 I 
15 10 I 4 15 6 2 
3660...... 3 10 I 4 20 8 4 
2 10 I 3 10 5 2 
8 100 5 3 20 4 3 
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IRON 
INTENSITY INTENSITY 
A 

A Ss Cc Av A Ss Cc Av 
| 50 10 I | 50 15 2 4 
| 30 10 3 30 10 2 
30 8 I 20 8 2 
3703.....- | 20 6 I | 15 5 ° 
6x6... 20 10 ° | 10 6 ° 
| §0 10 I | 15 6 ° 
30 8 I | 20 10 I ° 
5 I | 30 10 3 
30 6 I | 3° 15 3 
| 15 5 © || | 30 15 4 
20 5 I || 4355------- 20 2 
15 4 20 I 6 
15 5 I ° | 50 15 I 3 
15 6 ° | 20 10 I I 


A comparison of these lists with those of Exner and Haschek will 
show that some strong spark lines are wanting on every plate, and 
many of the strong arc lines. With regard to the Mg group at A 5183, 
it should be said that the small intensity given these is due to their 
being far in the green, where the plates were less sensitive. To the 
eye they appeared as strong as the line at 4.4481. It may be noted also 
that the Mg lines are much longer on the plate than those of any other 
substance. This is to be expected, as I have said before that the arc 
was surrounded by a much brighter halo with this metal than with 
any of the others. The strong Hg line at > 4358 showed as a long 
line on every plate, the extensions above and below the arc being 
almost as bright as the central portion. 


SUMMARY 


The results of the foregoing experiments may be briefly summed 
up as follows: 

If, at very low pressures, the discharge is caused to pass across a 
narrow gap, the cathode particles are shot off only by the near surface 
of the negative electrode, and almost all of them strike against the 
opposite face of the anode. 

The principle action of a magnetic field on the discharge is to 
increase the potential difference in the gap, and consequently the 
kinetic energy of the cathode rays. 
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The luminosity of the anode is due to the violent impact of these 
cathode particles, and the spectrum of the light emitted is not analo- 
gous to that of either the spark or the arc. The fact that the spectrum 
is characteristic of the anode, and that the cathode makes no impres- 
sion seems to merit special attention. 


In conclusion, I wish to state that this research was carried on 
under the direction of Professor Ames. My best thanks are due to 
him for much valuable advice and criticism, and for the facilities 
placed at my disposal, and also to Professor Wood for many sugges- 
tions. The kindness and interest of student friends have been in 
many ways helpful. 


Jouns Hopkins UNIVERSITY. 
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THE FIGURE OF THE SUN. II 
By CHARLES LANE POOR 
THE OBSERVATIONS OF SCHUR AND AMBRONN 


Since my note, “The Figure of the Sun,” was written, Ambronn 
has published, under the title of “Die Messungen des Sonnen- 
durchmessers,”? an exhaustive research upon the shape and size of 
the Sun. This paper embodies the results of the solar investiga- 
tions of Schur and Ambronn, made with the six-inch Repsold heli- 
ometer of the Géttingen Observatory, and extending over a period of 
nearly thirteen years, from 1890 to 1902. The conclusions drawn 
by Ambronn, from this great mass of observations, do not directly 
bear upon the theory advanced in my paper. A re-discussion of 
these observations was therefore undertaken, and some interesting 
facts were developed, tending to support and confirm the general 
results I had arrived at. 

The idea that the diameter of the Sun may be variable is not 
new; a connection between the Sun’s mean diameter and the sun- 
spot period has been suspected, and has been made the subject of 
several investigations in the past. When, therefore, the Repsold 
heliometer was mounted in Gé6ttingen, Schur determined to investi- 
gate this subject thoroughly, and to make with that instrument a 
complete and uniform series of measures, which should extend over 
the whole of a sun-spot period. In carrying out this program, every 
conceivable precaution was taken to exclude systematic errors; in 
fact, two complete, parallel, and independent series of observations 
were made, one by Schur and one by Ambronn. Whenever pos- 
sible, each observer obtained a series of four measures each week, 
two of the polar and two of the equatorial diameter. All the neces- 
sary instrumental constants for the reduction of these observations 
were obtained by each observer independently of the other. But the 
same methods and the same formulas of reduction were used in the 
two series; so that these series are directly comparable. The series of 
Schur extends from 1890 to the beginning of 1901; that of Ambronn, 

t Astronomische Mittheilungen der k. Sternwarte zu Gottingen, Theil '7, 1905. 
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from 1890 to the end of 1902; both series thus covering an entire 
sun-spot period. 

In reducing and discussing this great number of observations 
Ambronn investigates the questions of the figure and of the variabil- 
ity of the Sun separately. A brief résumé of his methods of investi- 
gating each of these points is given below, together with the con- 
clusions he reaches in regard to these important questions. 

1. Variation of the Sun’s diameter.—Each series of observations 
is treated separately. Ambronn first finds the mean value of the 
Sun’s diameter from all the observations of each series; then, sub- 
tracting this mean from the separate values, he finds the residual for 
each observation. From these residuals he finds the value of the 
mean residual for each year and tabulates these “yearly residuals,” - 
which thus show the yearly variation in the diameter. 

In the first of these steps Ambronn was confronted with a diffi- 
culty: the series of observations were not strictly homogeneous. In 
October 1891 a prism was introduced into the instrument, in such a 
manner that the line joining the centers of the two images could 
always be brought into the same position relative to the eyes of the 
observer. This was to obviate any possible physiological influence 
which might cause the observer to measure the polar and equatorial 
diameters differently. An investigation, however, showed that the 
prism had a sensible effect upon the measures of all diameters, equa- 
torial as well as polar. The diameters measured with the prism were 
all somewhat smaller than those measured without it. As the prism 
was used continuously after October 1891, the series of observations 
are divided into two periods by this date. The mean results from 
the observations in each period are given. below, where the various 
values are expressed in scale-divisions, one division of the scale being 
approximately equal to 40”. 


TABLE I 
Without Prism Number | With Prism Number 
47-9919 25 47.9823 159 


As a result of special measures made by Schur and Ambronn, 
both with and without the prism, Ambronn concludes that all obser- 
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vations made without the prism must be diminished by 04, or 
0.01 scale-division, in order to make them comparable with those 
made with the prism. 

Correcting all the observations made without the prism by this 
amount, taking the general means, and reducing scale to arc, Ambronn 
finally obtains for the definitive values of the Sun’s diameter at 
distance unity: 

Schur. . . . . . . I920°I4 +0‘040 
Ambronn . . . . . 1919°80 +0'036 

From these means the yearly residuals were found, and, as given 

by Ambronn, are tabulated below. 


TABLE II 

Year | Schur Ambronn Mean 
—o'10 —o!og 
QE +0.03 —@. —0.04 
+0.09 —o.08 ©.00 
+0.10 +0.06 +0.08 
+0.10 +0.11 +0.10 
—0.04 +0.25 +0.10 
—0.10 +0.12 +0.01 
—o.06 —0.12 —0.09 
+0.01 —o.08 —0.04 
+0.05 —o.06 0.00 
0.00 +0.02 +0.01 


A simple inspection of these figures shows a certain periodicity. 
This is shown in the series of each observer and in the series of means. 
The periodic time of these variations is somewhere between six and 
eight years, and the amplitude about o‘1. The large residual (0/25) 
for the year 1895 is considered by Ambronn to be due to purely 
personal or accidental causes. 

Ambronn further compares the curves which represent the above 
series of residuals with Wolfer’s sun-spot curve for the correspond- 
ing years. The curve corresponding to the series of means is repro- 
duced from Ambronn’s paper and is given in Fig. 1, being the lowest 
curve of that figure. This curve, together with the above series of 
residuals, shows clearly, according to Ambronn, that there is no 
relation between the observed variations in the Sun’s diameter and 
the relative frequency of sun-spots. 
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In considering these results of Ambronn, we note that he investi- 
gates the possible variation in the average or mean diameter of the 
Sun. The above residuals and the corresponding points on his 
curves are found by taking, in the series under consideration, the 
mean for each year of all the observations of both the polar and 
equatorial diameters. Thus his investigation would show whether 
there had been any change, periodic or secular, in the volume of the 
Sun, and not whether there had been any change in either the polar 
or the equatorial diameter. Changes in the relative sizes of the 
diameters of the Sun, or changes in its shape which do not alter its 
volume, could not be discovered by the methods used by Ambronn 
in this portion of his paper. His conclusions show that during the 
entire period of nearly thirteen years there was not present any periodic 
or secular variation in the Sun’s volume, larger than that represented 
by a change of o‘1 in the mean diameter of that body. This is not 
inconsistent with the views advanced in my paper. Ambronn merely 
shows that if the Sun be a vibrating body, it must so vibrate as to 
retain a constant volume, or a volume sensibly constant. 

2. The figure of the Sun.—On each day of observation the polar 
and equatorial diameters were both measured twice, so that the 
research furnishes a great mass of data regarding the shape of the 
Sun. The values of the differences between the diameters, in the 
sense polar minus equatorial, are tabulated and given by Ambronn. 
From these are formed the mean values of this difference for each 
year; and from these yearly means, the mean value for the entire 
series of observations. 

Unfortunately the tables of yearly means, as given by Ambronn, 
in Appendix 4, and also on page 44 of his memoir, contain errors, 
which mask the periodic character of this quantity. These yearly 
means were, therefore, all recomputed from the tabulated values of 
the daily observations, and the following corrections to Ambronn’s 
computations were noted: 

Page 108, yearly mean 1891 for +0’02 read +006 


“1896 “ +0.05 “ —0.05 
“ 1898 “ “ +0.11 
.* “ +0.04 “ +0.02 


These errors are also found in the table on page 44, with the exception 
of that for 1896, where the correct sign is given. 
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As we have already seen, the observations during the first two 
years, 1890-1891, were made under instrumental conditions different 
from those during the rest of the interval. Ambronn, therefore 
forms the means of all the observations, and also means excluding 
these two years, to find definitive results. But as these results were 
obtained from erroneous yearly means, the final conclusions are also 
in error. I give below the final values as given by Ambronn on page 
45 of his memoir, together with the corrected values: 


TABLE III 


MEAN VALUE OF THE DIFFERENCE (P.—E.) 
AMBRONN’S RESULTS 


Schur | Ambronn Mean 
Mean of all observations................ +0'008 
Mean excepting those of 1890 and 1891... —0.007 +0.002 —0.003 


CORRECTED RESULTS 


Mean of all observations................ | +0030 +0022 +0/028 
Mean excepting those of 1890 and 1891.. | +0.014 +0.002 +0.008 


These corrected results show the two series to be much more con- 
sistent than do the results derived by Ambronn. The final mean 
shows that the polar diameter exceeds the equatorial by +0/028, 
and this value agrees closely with that, +0'038, obtained by Auwers 
in “Die Venus-Durchginge, 1874 und 1882.” 

The mean errors of the above results are given by Ambronn as 

for Schur, +0015; 

for Ambronn, +0009. 
Comparing these with the values of the quantity (P.-E.) which he 
found, Ambronn concludes that the deviations are accidental, and 
that the Sun is sensibly a sphere. If, however, we compare these 
with the corrected values, we find that the values of Schur and 
Ambronn are each more than twice the size of their respective mean 
errors. The results can hardly, therefore, be considered as accidental. 

In testing this result, Ambronn investigates the effect of the inclina- 
tion of the measured diameter on the result to determine whether 
there was any tendency on the part of the observer to measure ver- 
tical diameters differently from horizontal. He could find no such 
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effegm but he calls special attention to the observations made during 
the fTWo years, 1890-1891, which show the polar diameter to be 
decidedly the greater; and points out the fact that these results may 
be due to physiological causes, for during this interval no precautions 
were taken to obviate this difficulty. As has been noted, a prism 
was attached to the heliometer, in October 1891, in such a manner 
that all the diameters of the Sun were measured in the same relative 
position as regards the vertical, and from that date on the observa- 
tions are perfectly homogeneous. 

Ambronn also investigates the possibility of errors in the constants 
of refraction which were used in reducing the observations. In the 
winter months the Sun was at an average lower altitude at the time of 
observation than in the summer months. Hence, if there were any - 
systematic errors in computing the differential refraction, such errors 
would be apparent when the observations are grouped according to 
the months in which they were made. When the observations are 
so grouped, no periodic variation is shown, and Ambronn concludes, 
therefore, that the constants and the methods used in computing the 
differential refraction are sensibly correct. 


RE-DISCUSSION OF AMBRONN’S RESULTS 
Making the corrections, already noted, to Ambronn’s series of 
yearly means, we have the following series of values: 


TABLE IV 
MEAN OF YEARS (P.—E.) 


| 
Scuur AMBRONN MEAN Ww 
YEAR | Wr. 
No. No. 
P.-E Obs || | |] P.-E 

eee +0.13 10 +0.12 14 +0.12 +0.13 6 
ee +0.06 17 +0.14 I4 +0.10 +0.10 6 
Perr —o.06 12 +0.07 16 +0.005 +0.02 7 
—0.09 10 14 —0.05 —0.07 6 
+0.10 II —0.07 II +0.015 —0.04 10 
+0.04 13 +0.03 15 +0.035 +0.03 9 
ee —0.05 19 —0.O1 18 —0.03 —0.03 8 
+0.02 26 —0.04 21 —0.O1 —0.0O1 13 
+0.11 21 +0.07 21 +0.09 +0.08 II 
+0.05 21 —0.03 24 +0.01 12 
(eee +0.02 24 +0.02 21 +0.02 +0.02 20 
+0.43 I +0.06 27 +0.245 +0.07 10 
—0.06 15 —0.06 —0.06 5 
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In forming the weighted mean for the different years, weights 
were assigned to the observations of Schur and Ambronn in con- 
formity with the values of the mean error, for each year, of a single 
observation, as given by Ambronn. Upon the assumption that the 
shape and size of the Sun are constant for each year, Ambronn found, 
from the separate observations made during that year, the value of 
the mean error of a single observation, and these mean errors are 
tabulated in Appendix 4. From these and the number of observa- 
tions were found by the ordinary formulas the weights assigned to 
the yearly means. 

While the determinations vary, a simple inspection of the above 
table shows that during the period from 1890 to 1902 there was a 
periodic change in the difference between the polar and equatorial 
diameters. This is clearly indicated in the series of observations of 
Schur, in that of Ambronn, in the series of unweighted means, and 
more clearly yet in the series of weighted means. In the earlier 
measures the polar diameter was decidedly the larger; in the years 
1892, 1893, and 1894 the equatorial diameter was the larger; in the 
later years the polar diameter was again the larger. 

These changes in the relative sizes of the polar and equatorial 
diameters are shown in the diagrams in Fig. 1. In this, No. 1 
represents the relative frequency of sun-spots; the heavy curve being 
taken from the Greenwich observations and showing the propor- 
tionate area of the Sun’s surface covered by spots; the lighter smooth 
curve being that of Wolfer’s “sun-spot relative numbers.” No. 2 
shows the variation in the figure of the Sun, as represented by the 
yearly means of the observations of Schur and Ambronn; the 
unweighted and weighted means for each year being shown on the 
diagram. In this figure the dotted curve represents Wolfer’s curve 
of sun-spot frequency, and this curve is identical with that in No. 1. 
In No. 3 are shown the observations of Schur and Ambronn; the 
heavy curve representing Ambronn’s observations, the dotted curve 
those of Schur. No. 4 is Ambronn’s curve, and this shows the varia- 
tion in the mean diameter of the Sun as deduced from all the obser- 
vations of both Schur and Ambronn. 

Nos. 2 and 3 show clearly the changes in the shape of the Sun. 
The individual curves of Schur and Ambronn are similar; the posi- 
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{ tions of maxima and minima are nearly the same in both. The 
| mean curve shows a general resemblance to Wolfer’s sun-spot curve; 
both curves rise rapidly to a maximum in 1893, and then gradually 
i) 1890 1894 1896 1898 189919001901 
} | | | 
| Sun-spot Frequency 
|= Mean Areas, Greenwich Observations 
Relative Numbers, Wolfer’s 


| | 
| | 
| | 
| 
H Figure of the Sun 
| +0112 
| ©=)|Weighted Yearly Means “08 
| x= Yearly, Means (E-P) + 
x 0 
— 
& .08 
| | 12 
| | 
| 
| | Yearly Means (E-P) ' 
+0124 | | AMbronn +012 
+ | ------ Schur + .08 
+ 


Ambronn’s Curve | 
Variation in Sun’s Mean Diameter 
Yearly Means 


+0/'10 
0 
| - 
H 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 
Fic. 1 | 
| fall off to a minimum in 1901. The figure curve shows, however, 
two subsidiary maxima in the years 1896-1897, and 1899. These | 


subsidiary maxima do not appear in Wolfer’s curve, but the first one 
is clearly indicated in the Greenwich sun-spot curve, which shows 
a decided maximum at the beginning of 1897. 
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From the curves in No. 2 may be found the residuals upon the 
supposition that the Sun is a sphere, and also upon the hypothesis 
that its figure varies with the number of sun-spots. Forming these 
residuals, we shall have: 


TABLE V 
RESIDUALS 
Date Sphere Variable Figure Date Sphere Variable Figure 

—0.13 —0.04 +0.03 +0.04 
—0o.10 —0.05 +0.01 +0.05 
—0.02 —0.07 —o.08 —0.02 
+0.07 —0.02 +0.01 +0.08 


From these we find for the sum of the squares of the residuals, 

on the two hypotheses: 
[vv] 

Hypothesis of sphere, 0/0475 

Hypothesis of variable figure, 0.0295 
This shows that the hypothesis that the figure varies proportionately 
with Wolfer’s sun-spot numbers represents these observations of 
Schur and Ambronn much better than does the hypothesis that the 
Sun is a sphere. 

Thus these observations indicate clearly that the Sun’s figure is 
subject to periodic changes, and they point toward the conclusion 
that the period of these fluctuations is the same as that of the sun- 
spot frequency. The amplitude of these variations, as shown by 
these observations, is extremely small, being not more than o°2. 

To test this question of the variability of the Sun’s figure still 
further, I formed the means of the observed values of (P.—E.) for 
every three months, making the dates symmetrical with the position 
of the Sun’s axis. On June 5 and December 6 the axis of rotation 
of the Sun is perpendicular to our line of sight, and on these dates 
the measures will give directly the polar diameter. The periods, 
therefore, in which the observations were grouped are as follows: 

January 15—April - 15 
April 15—July 15 
July 15—October 15 
October 15—January 15 
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These means are tabulated below, being arranged according to 


the mean date of observation; 
number of observations from which the mean is formed in each 


the weights being simply the 


interval. 
TABLE VI 
MEAN OF EveRY THREE Monrtus (P.-E.) 
Scuur AMBRONN MEAN 
Date P.—E. | Wt. Date P.—E. | Wt. Date P.-E. | Wt. 
1890, May 31 |+0.11 | § ||1890, June 14 |+0.05 | § ||1890, June 7 |+0.08 | 10 
Oct. 1 |+0.16 | 2 Aug. 22 |+0.22 | 5 Sept. 2 |+0.20 7 
Nov. 17 |+0.14 | 3 Nov. 17 |+0.09 | 4 Nov. 17 |+0.11 7 
1891, Mch. 17 |—0.08 | 4 ||1891, Feb. 28 |+0.09 ! 4 |/1891, Mch. 8 ©.00 8 
June 3 |/+0.30/ 7 June 2 '+0.19 | § June 3 j}+0.25 | 12 
Sept. 23 |+0.09 | 3 Aug. ro |+0.18 | 3 Sept. 1 |+0.14 6 
Dec. 6 |—0.37 | 4 Nov. 25 |+0.04 | 2 Dec. 2 |—0.23 6 
1892, Apr. 1 |—0.04 | 4 ||1892, Mch. 2 |+0.09 | 6 ||/1892, Mch. 14 +0 04 | 10 
June 4 /+0.05 | 4 June 4 |+0.11 | 5 June 6 | +0.08 9 
Sept. 24 |—0.27 | 2 Aug. 22 |+0.10 | 3 Sept. 4 |—0.05 5 
Nov. 24 |+0.38.] 1 Nov. 14 |—0.10 | 2 Nov. 17 |+0.06 3 
1893, Mch. 24 |—0.20 ; 4 ||1893, Mch. 25 |—0.14 | 4 ||1893, Mch. 27 |—0.17 | 8 
May 29 |—0.05 | 5 May 29 |+0.08 | 4 May 29 |+0.01 | 9 
Aug. 4 /|+0.09 | 1 Aug. 13 |+0.04 | 2 | Aug. 10 |+0.06 3 
1894, Mch. 24 |+0.16 | 3 ||1894, Mch. 16 |—0.09 | 3 ||1894, Mch. 20 |+0.04 6 
May 30 |+0.14 | 6 June 30 |—0.04 | 3 | June 9g |+0.08 9 
July 24 |-—0.25 | 1 Aug. 19 |—0.17 | 3 | Aug. 13 |—0.19 4 
Dec. 10 |+0.03 | I Nov. 23 |+0.08 | 2 | Nov. 29 |+0.06 | 3 
1895, Mch. 18 |+0.08 | 3 ||1895, Mch. 6 |—0.52 | 1 |/1895, Mch.15 |—0.07 | 4 
May 31 0.00 | 8 May 30 |+0.07 | 5 | May 31 |+0.03 | 13 
July 16] 0.00] 1 Aug. 25 |+0.05 | 7 | Aug. 20 |+0.04 | 8 
Oct. 18 |+0.27]| 1 Nov. 24 |+0.16 | 2 | Nov. 11 |+0.20 3 
1896, Feb. 10 |—o.11 | 4 |/1896, Feb. 21 |+0.14 | 4 ||1896, Feb. 16 |+0.02 8 
June 8 |—0.27] 7 June 8 |—0.09 | 7 | June 8 |—o.18 | 14 
Aug. 25 |+0.09 | 3 Aug. 31 |—0.05 | 5 | Aug. 29 | 0.00] 8 
Nov. 22 |+0.23 | 5 || Dec. 19 |+0.03 | 3 | Dec. 3 |+0.16}] 8 
1897, Mch. 13 |+0.06 | 4 ||1897, Mch. 14 |+0.18 | 2 |/1897, Mch. 13 |+0.10 6 
June 6] 0.00 |10 || June 1 j;—0.07 | 9 | June 4 |—0.03 | 19 
Sept. 4 |—0.03 | 8 || Aug. 29 |+0.05 | 4 | Sept. 2 | 0.00 | 12 
Nov. 8 |+0.14 | 4 || Dec. 12 |—0.09 | 7 | Nov. 30 |—o.o1 | 11 
1898, Mch. 17 |+0.07 | 4 |/1898, Feb. 28 |+0.21 | 4 '|1898, Mch. 8 |+0.14 | 8 
May 29 |+0.19 | 7 June 9g |—0.08 6 | June 3 |+0.07 | 13 
July 30 |+0.12 | 5 Aug. 20 |+0.07 | 6 | Aug. 10 |+0.09 | II 
Nov. 19 |+0.04 | 5 | Dec. 9 |+0.06 | 4 | Nov. 29 |+0.05 9 
1899, Feb. 23 |—0.02 | 8 ||1899, Mch. 6 |—0.06 | 7 ||1899, Feb. 28 |—0.04 | 15 
May 29 |+0.07 | 7 || May 31 |—o.10 | 6 | May 30 |—0.o1 | 13 
Aug. 2 /|+0.14]| 5 Aug. 21 |+0.09 | 7 | Aug. 13 |+0.11 | 12 
Nov. 4 |—0.04]| 1 Dec. 3 |+0.02 | 3 Nov. 26 | 0.00 4 
1900, Feb. 22 |+0.12 | 7 ||1900, Mch. 8 |+0.10 | 6 ||1900, Feb. 28 |+0.11 | 13 
June |+0.07 | 8 June 2 8 | June 2 |+0.03 | 16 
Aug. 28 |+0.01 | 6 Aug. 23 |—0.02 | 7 Aug. 25 |—0.o1 | 13 
Dec. 8 |—0.17 | 3 fepre, Fe 8 |+0.45 | 3 Dec. 24 |+0.14 | 6 
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An inspection of these means shows that the value of (P. — E.) varies 
very irregularly, jumping from large negative to large positive values. 
There is a break in the series during eight months during the latter 
part of 1893 and the early part of 1894. Thus the series falls into two 
parts. During the first part, from 1890 to the middle of 1893, the 
value of (P.—E.) was on the whole decreasing; the equatorial diameter 
increasing with respect to the polar diameter. This is shown by the 
observations of each observer and by the mean. In the second part, 
from 1894 to 1901, the value of (P.—E.) on the whole shows a tend- 
ency to increase; during this interval the equatorial diameter was 
shrinking relatively to the polar. The break in the observations is 
extremely unfortunate, for the sun-spot maximum, according to 
Newcomb, occurred in the latter part of 1893. 

These results are exhibited in Fig. 2. The upper curve shows the 
variation in the spotted area of the Sun, as shown by the Greenwich 
observations; the second curve, the variation in the magnetic declina- 
tion in minutes of arc; and the fourth curve, the variation in the 
vertical force of the Earth’s magnetism. The curves are taken from 
Monthly Notices, R. A. S., Volume 63. The third curve shows the 
variations in the Sun’s figure as plotted from the above table. This 
curve of the Sun’s figure shows a general resemblance to all the other 
three curves. The resemblance to the sun-spot curve is as striking 
in case of the curve of figure as in that of the vertical magnetic force. 
_Not only do the curves agree in their general characteristics, but in 
many cases the curve of figure shows subsidiary maxima and minima 
agreeing with those in the other curves. The figure curve shows a high 
maximum in the latter part of 1891. Similar maxima are found in 
the sun-spot and in the declination curves; similar coincidences in the 
maxima are found in the middle of 1894, the early part of 1895, the 
early part of 1896, and the latter part of 1897. 

After 1898 the figure curve departs from the other three. During 
the years 1899 and 1900 the curve of figure is too high, it does not fall 
to so low a minimum as do the others, and the minimum appears to 
be somewhat earlier in this curve than in the other three. 

These observations of Schur and Ambronn thus tend to confirm 
the general result given in my former paper. They seem to show 
that the ratio between the polar and equatorial radii of the Sun is 
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1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 
Mean Sun-spot Areas 
Millionths of Sun's Visible Hemisphere 
1500+ |Whole Spots | + 1500 
1000 | 1000 
500 | + 500 
0 | 0 
11’ Magnetic Declination 
| Minutes of Declination in Arc 
10'F Diurnal Range 10’ 
9’ 
8’ | 
| 
7 | 47 
13 
a Figure of the Sun 
Difference of Diameters in Seconds of Arc} +0’’.20 
+0, | | 4 
Quarterly Means (E-P) 
+0 .10 | 4+0 .10 
+0 .05 4+0 .06 
0 4 0 
4-0 .05 
-0 .10 -0 .10 
| 4-0 .15 
-0".20 | | 4-020 
| 
4 
| Vertical Force 
Decimals of Whole Vertical Force 
0.00110 3 4 0.00110 
0.00052 + 0.00052 
0.00040 4 0.00040 
0.00028 ~ 0.00028 
0,00016 0.00016 


1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 
Fic. 2 
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variable, and that this variability is periodic. The exact length of 
this period is uncertain, but it appears to be nearly the same as the 
sun-spot period. The amplitude of this variation is about 0/2; the 
difference between the largest positive and negative values being 
about 

These heliometer measures thus tend to supplement and confirm 
the conclusions originally drawn from the solar photographs of 
Lewis M. Rutherfurd. These photographs clearly show the figure 
of the Sun to be variable; but unfortunately they do not extend over 
a sufficient number of years to determine the period of this variability. 
On the other hand, the amplitude of this variation, as shown by the 
photographs, is considerably greater than that shown by the heliometer 
measures. 


CoLUMBIA UNIVERSITY, 
October 1905. 
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OBSERVATIONS OF STANDARD VELOCITY STARS WITH 
THE LOWELL SPECTROGRAPH (1905) 


By V. M. SLIPHER 


In the present paper are given the results of my observations of 
the list of “‘Standard Velocity Stars,” made with the Lowell Spec- 
trograph during the summer and autumn of the present year. Owing 
to the circumstance that the time that the spectrograph is available 
for stellar radial velocity work is limited, I have not been able to 
follow closely the recommendation’ that the three observations of 
each star be made at the beginning, middle, and end of the two 
months symmetrical about the date of the star’s opposition with the 
Sun. Inasmuch as @ Crateris, the faintest star of the regular list, 
has been, and will be for some time yet, too near the Sun for obser- 
vation, I have substituted for it y Cephei, the faintest star of the 
supplementary list, in order to bring these observations to an early 
conclusion. The ten stars that I have observed are, then, the 


following: 
a Arietis B Ophiuchi 
a Persei y Aquilae 
B Leporis e Pegasi 
8B Geminorum y Piscium 
a Bodtis Cephei 


I have secured, as was suggested, extra spectrograms of a Persei 
and a Boétis; and, in order to check the performance of the spectro- 
graph, I have measured at frequent intervals the spectrographic 
velocities of Venus, Mars, and the Moon. 

The spectrograph,? as employed in these observations, consists 
essentially of a collimator of 30 mm aperture and 490 mm focus, 
a train of three 63° dense flint prisms and a camera of 35 mm aper- 
ture and 471 mm focus, the whole inclosed in a box supplied with 

t See Frost on “‘Coéperation in Observing Radial Velocities of Selected Stars,” 
Astrophysical Journal, 16, 169, 1902. 

2A detailed description of this instrument was published in the Astrophysical 
Journal for July, 1904 (20, 1-20). 
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electrical heating. The construction of this instrument partakes 
of the universal type, having a device for automatically keeping the 
prisms in the position of minimum deviation, a feature almost indis- 
pensable in our varied program of spectroscopic work. But there 
is an insufficient number of clamp screws to hold the prisms rigidly 
without causing injurious pressure on the glass of the prisms, each 
prism being clamped by only one screw, which presses centrally upon 
the top plate of its mounting. When this screw is clamped too 
tightly, unequal pressure is transmitted to the prism, destroying its 
homogeneity. Although realizing that by so doing I was impairing 
the definition of the spectrograms, I have nevertheless turned down 
very tightly the clamp screws and thus insured the rigidity of the 
prisms. I have in this way obtained entirely trustworthy spectro- 
grams, but, as might be supposed, the definition in the spectrum is 
rather inferior, being no better on Seed 23 plates than it should be 
on the coarser 27 emulsion. The full power of the spectrograph 
has therefore not been realized, and the agreement of the velocities 
from different lines of the same plate is not so close as it should be 
with a spectrograph of this size. 

In these observations, the prisms have been used set at minimum 
deviation for wave-length 4415. The linear dispersion at different 
points through the part of the spectrum covered by my measures 
is as follows: 


Wave-Length Tenth-Meters per mm 
15.0 


The star spectrum usually has a width on the plates of one-third 
of a millimeter, and is separated from the two parts of the compari- 
son spectrum by about a tenth of a millimeter. 

All the details relative to the making of the spectrograms are 
given in the accompanying table, which will be readily understood. 
The date of the observation is given in Greenwich Mean Time. 
Except in the case of a few of the short exposures, the comparison 
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has been photographed at the beginning and end of the star exposure. 
The table gives in one column two readings of a large-scale ther- 
mometer whose bulb is inside the prism-box near the base of the 
middle prism. For the most part, the two readings are those made 
at the beginning and end of the exposure, but for the later plates 
they are the highest and lowest readings of the thermometer. The 
temperature control has worked well, and the range in the readings 
of the prism thermometer for the longest exposures ordinarily does 
not exceed o*1 C. and frequently is less than o?05. The double 
column headed “Seeing” gives the condition of the sky as regards 
transparency and the character of the stellar image, both on a scale 
increasing from o to 5, where 5 means perfection. The remark 
“Spectrograph readjusted”? means that the spectrograph has been 
used for other lines of work requiring different adjustments, during 
the interval against which that note is placed. I have endeavored to 
keep all adjustments the same throughout this series of observations. 

The electric spark has furnished the comparison spectrum. The 
induction coil supplying the high potential current receives its power 
from a 104-volt alternating current. A condenser is inserted in the 
secondary from the coil. To insure the complete illumination of 
the collimator lens with the light from the spark, a ground glass 
has been interposed between the electrodes and the slit. 

Except for a few of the earlier plates, I have employed for compari- 
son the spectrum of an alloy containing to per cent. of vanadium 
and go per cent. of iron. By occulting the twelve bright lines from 
X 4379 to A 4415 during the greater part of the exposure to the spark 
with a projection on the slide working in the end of the camera tube, 
an excellent series of uniformly spaced comparison lines is obtained. 
With only fairly well-timed exposures, there are many more good 
lines than are needed, so that it is always possible to choose for 
measures those lying nearest the best star lines. 

I have employed throughout Rowland’s wave-lengths for the 
comparison lines; for the vanadium lines, the arc values;' and for 
the iron lines, the arc values for those lines whose arc wave-lengths 


t Published by Rowland and Harrison in Astrophysical Journal, 7, 273, April 
1898. 
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he has published,’ for the others, the values given in his table of 
solar wave-lengths. 

Rowland’s solar wave-lengths have been used for the wave- 
lengths of the stellar lines. I have, as far as possible, measured 
single lines, but have also employed a number of composite lines 
which appear single, and well suited to measurement, on my spectro- 
grams. For the wave-lengths of these composite, or blended, lines, 
I have, as is customary, used the values resulting from giving to the 
wave-length of each component of the blend the weight of its intensity 
given in Rowland’s table, and taking the weighted mean. The 
weakest line ordinarily taken into account is that of “o” intensity, 
which has generally been given a weight of one-half. 

On some of the last Moon and planet plates, I have measured a 
rather large number of lines, both single and blended, for the purpose 
of seeing how the velocities from the blended lines compare with 
those from single lines. To the same end, I have also measured 
the strong solar lines at AA 4326, 4384, 4405, and 4415. A com- 
parison of the results from single and from blended and from the very 
strong lines shows that measures on the single lines are not noticeably 
more accurate than on the blends and heavy lines, and also that 
the values for the wave-lengths of the blended lines are reliable. Of 
course, with stars of the advanced solar type of spectrum, the class 
to which most of the “Standard Velocity Stars” belong, the relative 
intensities of lines must frequently be different from what they are 
in the Sun, and therefore the wave-lengths of the blends in such 
cases must be inaccurate. I have observed, for instance, that the 
blend A 4352.935 ‘ate a in certain stars gives a larger 
positive velocity than the mean value of the other lines. However, 
similar uncertainties must attach to some of the lines which are single 
in the Sun. As an example of this kind may be mentioned the line 
at A 4468.663, an excellent single in the Sun, of intensity 5, due to 


1 “A New Table of Standard Wave-lengths,” Astronomy and Astrophysics, 12, 
April 1903; and Frost’s Scheiner’s Astronomical Spectroscopy, p. 363. 


2 The vanadium lines are generally stronger in these stars than in the Sun, and 
in this blend I have given the V component weight 1, although its intensity is given as 
o by Rowland. I have used this wave-length for the blend, with Moon and planets, 
as well as with the stars. 
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titanium, which appears as a single on the star plates but which, in 
a Bodtis for example, gives a too large positive velocity.' 

I continued to measure certain stellar lines after I knew solar 
wave-lengths were not entirely applicable and that they were giving 
spurious velocities. The employment of such lines, however, has 
only slightly affected the velocity of a plate and they can at any time 
be excluded or their velocities corrected when the wave-lengths have 
been more accurately determined. The inclusion of such lines by the 
different co-operators in their first year’s observations would give 
provisional corrections to their wave-lengths, thus making the lines 
useful for velocity observations of these and other stars of the same 
spectral type. I am of the opinion that, after all, one of the most 
important results of this co-operation in radial velocity observations 
will be the knowledge gained of the wave-lengths of the star lines. 

The plates have been measured with a screw microscope? designed 
especially for measurement of spectrum plates. The screw, which 
has a pitch of half a millimeter, was examined for errors. Periodic 
errors were not revealed by the tests, although errors of run were 
quite apparent, and were of such a character as would be explained 
by a tapering of the screw from the middle toward the ends. I have 
not attempted to apply corrections to the measures to take up this 
error (which accumulates at a rate of about 0.3“ per revolution), 
for the reason that its gradual change would practically affect 
equally the star and near-by comparison line. I do not consider 
that the measures are appreciably affected by this imperfection of 
the screw. I have always measured the plate in both positions, 
violet -right and violet-left, under the microscope, making generally 
four settings on the star line and two each on the upper and lower 
part of the comparison line. The best star lines have been measured, 
regardless of whether or not they existed in the comparison spectrum. 
The comparison lines lying nearest the measured star lines have been 
selected, the distance between the star and the comparison line 
amounting only in exceptional cases to as much as 3 tenth-meters. 
This close proximity of the spark and the star line practically renders 
inoperative the errors in run of the micrometer screw. 

t Frost’s and Adams’s velocities verify my own as regards the wave-length of 
this line. 

2 This instrument was made by Gaertner & Co., of Chicago, and is a duplicate 
of those used by Frost and Adams. 
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A magnification of 21 diameters has been used in the meas- 
urements. 

The measures in the two positions of the plate have not been 
reduced separately, but have been combined and the mean taken 
before the reduction was begun. 

I have adopted the method of reducing each plate independently 
of every other, by computing for each plate a new Hartmann formula 
in the simple form 


where R denotes the screw reading. The constants R,, C, and A, 
of the formula are computed (in the order given) from the observed 
screw-readings and known wave-lengths of three comparison lines 
so selected that there is one near each end and the third near the 
middle of the portion of spectrum measured. By casting away a 
factor to make the reading on one of the lines zero, and by the use 
of logarithms, the constants are derived in about eight minutes. 
The wave-lengths of all star and comparison lines are then computed. 
The differences between the computed and normal wave-lengths of 
the numerous comparison lines furnish the necessary corrections 
for reducing the star wave-lengths to the true dispersion-curve of 
the plate. I have applied these corrections to the star lines without 
the use of a curve, making linear interpolations where needed; the 
mean of the errors of two neighboring comparison lines frequently 
being employed for the correction to the intervening star line. The 
differences between these corrected stellar wave-lengths and their 
normal values are then taken as the velocity displacements for the 
star lines. These displacements are speedily converted into velocity 
in the line of sight by a Crelle’s table suitably supplied with notes. 

The theoretical velocities of the planets and the Moon have been 
computed from data given in the American Ephemeris, by the aid of 
Professor Campbell’s convenient formule. In the reduction of the 
star velocities to the Sun, Schlesinger’s line-of-sight constants have 
been employed for computing the factor V, due to the Earth’s orbital 
velocity. The other factor, Vz, due to the Earth’s diurnal rotation, 
is read from a table. In the case of the earlier plates the correction 
for prismatic curvature has been applied to the mean velocity, and 
appears at the foot of the reduction table. In the other cases it has 
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been introduced earlier in the reductions and affects the velocities of 
the individual lines. 


| VELocITY 
Number! No. of | Quality of 
Residu’ls Lines | ~ Plate 

} Comp. | 

‘km | km km 
L 1868 |1905 April 284 18> 42™ 8.30 |— 7.02 —0o.5 21 | Good 
ae L 1881 May 18 15 30 |— 1.10 |— 1.62 +0.5 17 Good 
L 1037 July rr o |+13.72 | +13.42 +0.3 26 Overex posed 
0 eee L 1044 | 13 18 35 |+ 1.30 |+ 0.52 +0.8 | 27 Underexposed 
L 2013 Aug. 12 19 28 |+ 0.53 |+ 0.25 +o0.3 | 26 Good 
SIRS che o.¥ipe'0 L 2001 | Oct. 5 15 40 |+ 0.55 |+ 0.65 —o.1 24 Excellent 
2006 6 13 52 |+ 9.02 |+ 9.16 —o.1 35 Good 
ee L. 2113 13. 1 15 |+ 8.70 |+ 8.64 | +0.1 36 Excellent 

| | 


The results from all the planet and Moon plates, made at inter- 
vals to test the performance of the spectrograph, are here summarized 
in a brief table. These check plates cover the whole period during 
which the “Standard Velocity Stars” have been under observation. 
The last two of these plates are also printed in detail to show the 
lines measured and to illustrate the character of the results from the 
individual lines. The mean value of O.—C.=-+0.15 km is doubt- 
less only accidental as it is due to the rather large positive value of 
one of the less reliable plates. (I consider plates having V compari- 
son lines much more reliable than those having the Mo lines.) It 
seems safe to conclude from these tests that the spectrograph has not 
been affected by appreciable systematic errors during the period 
covered by this series of velocity observations. 

In the following pages are given in tabulated form the detailed 
reductions of all the plates of the “Standard Velocity Stars.” 
The date of the plate is given in Greenwich Mean Time, above 
the table. The hour angle is also added. Just over the head of 
the table is a note descriptive of the quality of the plate. The first 
column of the table contains the wave-length of the star line and the 
second column, the velocity deduced for the line, given to the tenth 
of a kilometer per second. At the foot of these columns is given the 
mean of the velocities from the several lines, followed by V, and V4, 
the reductions to the Sun; and next the value of the star’s radial 
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the determination of the velocity from a single line, and the mean 
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error oe of the final velocity of the star deduced from 
m(n—1) 


the plate. 
The stars are arranged in the order of their right ascensions and 
the plates of each are given in chronological order. 


MA RS—L 2096 VENUS—L 2113 
1905 Oct. 64 135 52™ 1905 Oct. 134 1h 15™ 
Hour angle W 15 27™ Hour angle E 4° 15™ 
Planet spectrum good; com- Planet spectrum excellent; 
parison lines (V, Fe) good. comparison lines (V, Fe) 
= excellent. 


Line A (Solar) | Velocity : 
——, Line A (Solar) Velocity 


4274.91r | +11.7km 
93-241 II.7 4238.970 +9.1km 
94-273 8.7 39-975 | 6.7 

4307 -938 6.9 45-455 | 6.3 
14.321 8.2 47.580 
15.178 g.1 50.287 8.2 
18.817 9-7 
25.951 9-4 4.505 5 
37-216 6.6 72.934 6 
40.634 10.7 74-911 8.4 
52.006 9-3 93-241 7-7 
52-935 8.7 94.273 7:7 
59.784 g-I 4306.938 6.8 
76.107 5.8 14.321 10.2 
78.419 15.178 7-4 
79-396 5-5 18.817 9.6 
80.883 12.3 25.951 7.2 
83.720 8.5 40.634 8.4 
95.286 7:4 52.006 9.1 

4404.951 52.935 8.9 
06.810 6.7 59-784 7.0 
07.851 7-2 83.720 7.2 
08.549 7-1 95.286 8.3 
15.244 10.2 4404.951 7-° 
27.420 9.1 07.851 6.4 
35.184 7°5 08.549 10.8 

2.510 10.3 27.420 9.8 
43-976 13.0 35.184 9-9 
47.892 10.0 42.510 8.0 
56.030 10.7 43.976 10.8 
59. 304 10. 

68 . 663 8.3 II 

76.214 8.5 59.304 9.8 

82.376 I1.0 68 . 663 9-9 

94.738 6.4 76.214 II.I 

82.376 

Mean +9.o2km 4528.798 

Computed vel. +9.16 

Mean +8.7okm 

O.—C. —o.1km Computed vel. +8.64 
No. of Martian lines 35 O~C.=m +6 ry 


No. of comp. lines 32 


No. of Venus lines 36 
No. of comp. lines 30 
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a ARIETIS—L 2067 
1905 Sept. 124 20% 48™ 
our angle E 15 20™ 
Star spectrum fair; compari- 
son lines (V , Fe) excellent. 


Line A (Solar) Velocity 


4315.178 | —35.3*™ 
18.817 33-5 
28.080 35.0 
37-216 35.2 
40.634 33-7 
52.006 36.3 
52.935 33-6 
59-784 37-7 
76.107 38.4 
95. 286 37-7 

4407-851 39-4 
08.549 33-7 
27.420 
28.711 38.7 
42.510 35-9 
47-892 35-0 
59-304 32-3 
68 . 663 34-0 
76.214 35-7 
g1.620 34.6 

4505 .003 31.0 
28.798 35-5 

Mean — 35.26km 
Va +20.80 
Va + 


Red. to Sun +20.92 


Rad. vel. —14. 3m 


No. of star lines. 22 
No. of comp. lines 25 
€ +£2.05 
€& +£0.43 


a ARIETIS—L 2085 


1905 Oct. 24 20h gm 
Hour angle E o® 30™ 
Star spectrum good; compari- 
son lines (V, Fe) good. 


Line A (Solar) Velocity 


4315.178 | —29.7km 
18.817 24.9 
28.080 25.9 
40.634 27-3 
41.530 26.9 
52.006 30.6 
52-935 27-2 
59-784 30-9 
76.107 28.5 
95.286 28.0 

4406. 810 30.0 


V. M. SLIPHER 


4407.851 | —27.3km 
08.549 24.1 
27.420 25.5 
28.711 26.4 
41.881 29.8 
42.510 23.6 
47.892 24.8 
56.030 26.5 
60. 460 23.5 
66.701 25.3 
68 . 663 25.8 
76.214 25.6 
82.376 25.0 
94-738 27-5 
97.046 26.3 

4501.422 30.9 
28.798 24.8 

Mean — 26. 88km 
Va +12.81 
Va + 0.05 


Red. to Sun +12.86 


Rad. vel. —14.0km 


No. of star lines 28 
No. of comp. lines 27 
+2.21 
€& +£0.42 


a ARIETIS—L 2094 
1905 Oct. 54 185 54™ 


our angle E 15 40™ 
Star spectrum good; — 
sion lines (V, Fe) good. 


Line A (Solar) Velocity 

4318.817 | —25.2km 
28.080 
39-731 28.0 
40.634 
52.006 26.4 
52.935 24.0 
59-784 28.7 
76.107 28.2 
95.286 28.2 
99-903 28.4 

4406. 810 47.3 
07.851 28.9 
27.420 23.4 
28.711 28.2 
35.851 28.2 
41.881 26.8 
43-976 22.0 
47-892 | 24.9 
56.030 22.6 
68 . 663 25.4 
76.214 25.8 
82.376 24.5 
82.904 22.3 


4490.950 | —27.6km 
97-046 24.9 
97.842 | 23.5 

Mean — 26.08km 
Va +11.47 
Vad + 0.15 
Red. to Sun +11.62 
Rad. vel. —14.5km 
No. of star lines 26 
No. of comp. lines — 27 
£8.27 
€& +£0.43 


a PERSEI—L 2049 


1905 August 304 235 6m 
Hour angle E 15 o™ 
Star spectrum good; compari- 

_ son lines (Fe, V) excellent 


Line A (Solar) Velocity 


4308.023 | —26.okm 
13.034 29.0 
37-216 25.4 
59.784 22.3 
76.107 27.4 
83.720 30.8 
94.225 27-5 
95.201 26.1 

4404.927 28.0 
16.985 29-9 
27.420 23.6 
43-976 26.0 
47.892 25.2 
59-301 25-5 
66.727 28.0 
68 . 663 28.9 
76.214 29.9 
82.376 24.3 
94-738 30-7 

4501. 448 26.2 
08. 455 23-9 
15.508 26.4 
28.798 27.3 

Mean — 26.89km 
Curve corr. — 0.50 
Va +25.29 
Va + 0.06 
Red. to Sun +25.35 
Rad. vel. — 2.0km 
No. of star lines 23 
No. of comp. lines 
+2.10 
€& +£0.40 
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a PERSEI—L 2068 


1905 Sept. 124 215 som 
Hour angle E 15 20™ 
Star spectrum over-exposed; 
comparison lines 


(V, Fe) good. 
Line A (Solar) Velocity 
4294.273 | —23.1km 
4300. 211 21.6 
03.419 26.0 
05.871 28.9 
08.023 24.0 
13-034 27-4 
15.178 23.0 
25-939 23-3 
40.634 24.0 
52.006 28.1 
83.720 23.9 
g1.146 24.8 
95.201 26.1 
4404.927 28.8 
16.985 37.3 
27.420 22.9 
59.301 26.3 
76.214 25.8 
81.400 
gI.570 29.6 
4508. 455 26.9 
15.508 26.2 
28.798 27.8 
Mean —26.18km 
Va +24.04 
Va + 0.08 
Red. to Sun +24.12 
Rad. vel. — 2.1km 
No. of stars line 23 
No. of comp. lines —20 
€& +£0.53 


a PERSEI—L 2079 


1905 Sept. 254 20% 
Hour angle E 15 35™ 
Star spectrum good; compari- 
son lines (V, Fe) good. 


Line A (Solar) Velocity 


4294.273 | —25.2km 

4300. 211 23.0 
08 .023 26.3 
13.034 28.7 
15.178 23.2 
25.939 24.8 
40.634 24.0 
52.006 29.2 
52.908 22.9 
83.720 25.9 
94.225 23.1 


4395. 201 — 24. 6km 
96.008 22.9 
4404.927 24.3 
16.985 24.0 
43-976 22.8 
50.654 23-4 
59.301 21.4 
66.727 23.8 
68 . 663 24.8 
91.570 28.2 
94.738 27.2 
4501. 448 21.4 
08.455 23.0 
15.508 24.5 
20. 397 21.5 
28.798 24.1 
34-139 18.7 
49-767 23.8 
54.211 25.3 
Mean —24.10km 
Va +21.59 
Va + 0.10 
Red. to Sun +21.69 
Rad. vel. — 2.4km 
No. of star lines 30 
No. of comp. lines 28 
28.28 
€& +£0.39 


a PERSEI—L 2100 
1905 Oct. 74 22h 53m 
angle W 1" 10™ 
Star spectrum very good: com- 
parison lines (V, Fe) 
good 


Line A (Solur) Velocity 
4294.273. | —21.1km 
4308 .023 17.9 

13.034 21.4 
14.321 20.0 
15.178 20.6 
25.183 21.4 
25.939 20.1 
38.084 25-3 
40.634 22.9 
52.006 24.1 
52.908 19.9 
59-784 15.2 
76.107 23.0 
83.720 23.1 
04.225 20.5 
95.201 20.5 
4404.927 22.0 
16.985 21.3 
17.884 19.8 
43-976 23.2 
50.654 $3.32 
59.301 20.3 


4468.663 | —22.6km 
69.545 23-4 
76.214 21.9 
81.400 20.1 
82.376 19.4 
89.351 20.9 
91.570 19-5 
94-738 23-6 
97.023 18.0 

4501. 448 21.9 

-455 19-4 
15.508 20.9 
20.397 22.4 
28.798 22.4 

Mean —21.14km 
Va +18.32 
Va. — 0.07 


Red. to Sun +18.25 


2.gkm 


Rad. vel. 

No. of star lines 36 
No. of comp. lines 28 
e +£1.94 
€ +£0.32 


a PERSEI—L 2124 
1905 Oct. 274 22 7™ 
Hour angle W 1" 47™ 

Star spectrum rather strong; 
comparison lines (V, Fe) good. 


Line A (Solar) | Velocity 


4308.023 | —12.0km 
13.034 
14.321 11.5 
25-939 13-7 
40.634 14.9 
52.908 11.6 
76.107 13-1 
83.720 15-4 
95.201 15.0 

4404.927 15.8 
16.985 16.4 
43-976 13-9 
47.892 15-4 
50.654 13.6 
59-301 15-5 
76.214 17-4 

4501. 448 15-7 
28.798 15-9 

Mean —14.40km 
Va +11.18 
Vd o.11 


Red. to Sun +11.07 


Rad. vel. 

No. of star lines 18 
No. of comp. lines 18 
£2.94 
€& +0.41 
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B LEPORIS—L 2087 


1905 Oct. 24 23h 56m 
Hour angle E o gm 

Star spectrum good; compari- 
son lines (V, Fe) good. 


Line A (Solar) Velocity 


4315-178 | —33.6km 


25.951 29.7 
28.080 30.4 
37-216 % 
40.634 30.8 
41.530 33-9 
52.006 32.4 
52-935 32-5 
59-784 34-7 
76.107 32.6 
83.720 35-0 
g1.146 35.0 
4404.951 30.8 
06.810 32.4 
07.851 32.8 
15.244 33-5 
27-420 34-3 
42.510 35.2 
47.892 | 30.0 
56.030 34-7 
59-304 32-5 
60.460 31-3 
66.701 | 30.3 
68.663 | 33-7 
76.214 33-6 
82.376 33.0 
85.846 32.9 
94.738 34.0 
4500. 480 52.9 
O1.422 42.5 
15-475 39-5 
28.798 31.8 
Mean — 32.67km 
Va +19.84 
Vd + 0.01 


Red. to Sun +19.85 


Rad. vel. —12.8km 


No. of star lines 32 
No. of comp. lines — 30 
+£1.57 
€& +0.28 


B LEPORIS—L 2111 
1905 Oct. 124 23h 20m 
Hour angle E ob 6™ 
Star spectrum somewhat weak; 
comparison lines (Fe, V) good. 


Line A (Solar) | Velocity 


4314.321 | —30.3km 
25-951 | 32-9 


V. M. SLIPHER 


4331.762 | —30.7km 4459-304 | —25.2km 
40.634 31.0 68.663 | 28.9 
41.530 90. 76.214 | 23.6 
52.935 32.2 4501.422 | 24.9 
59.784 33-0 08.455 | 28.1 
79 - 396 33-9 22.853 | 23.6 
83.720 33-9 28.798 | 24.3 

4404.951 32.6 
06.810 31.7 Mean 
07.851 31.4 + 14.75 
08.549 33-3 
27.420 32.0 Red. to Sun +14.68 
35-184 28.4 Rad. vel. —13.0km 
43-976 29.4 A 
47.892 30.1 No. of star lines 24 
59. 304 32 8 No. of comp. lines 24 
60. 460 33.2 (£8.56 
68 . 663 31.5 €& £0.52 

4501. 422 30.2 

a toos April 74 175 om 

08.455 | 29.8 Hour WwW 58™ 
15.475 | 30-7 Star spectrum fair; compari- 

28.798 28.8 son lines (Ti, Cr) weak. 

— Line A (Solar) | Velocity 
a I 22 
Va + 0.01 4274.911 + 36.gkm 

Red. to Sun + 18.23 93.241 35 5 

94-273 30-5 

Rad. vel. —13.2km 4306.938 32.6 

No. of star lines 26 ae 37-5 

No. of comp. lines 25 39-9 

e +1.56 18.817 35-9 

+0. 30 28.080 $3.3 

39.731 2.9 

0.6 

8 LEPORIS—L 2125 

Oct. 274 235 17m 

Hour angie W ot 34-5 

Star spectrum fair; compari- 5? 935 35-1 

son lines (Fe, V) good. 59.784 31.9 

Line A (Solar) Velocity 4406. 810 31-0 

7.851 34.6 

4315.178 | —27.1km 08.549 32-3 
25.951 26.7 27.420 30.8 
28.080 29.1 | 43-9 
40.634 24.9 57-656 | 33-7 
52.006 29.6 59 - 304 57-3 

2. 29. 
28.4 Mean + 33.60km 
Curv. cor — 0.60 
79-396 31.4 
83.720 31.3 9-4 
Vd — 0.23 
95.286 28.7 Red tld, 

4404.951 28.7 ed. to Sun — 29.63 
3-9 Rad. vel. + 3.4km 
25.608 24.6 No. of star lines 22 
27.420 26.6 No. of comp. lines 13 
42.510 27.0 £2.13 
47.892 29.0 € £0.45 
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B GEMINORUM— 
L 2101 
1905 Oct. 74 235 30™ 
ell angle E 25 22™ 


Star spectrum fair only: com- 
parison lines (V, Fe) good. 


Line A (Solar) Velocity 
4293.241 —27.8km 
4314. 321 21.6 

15.178 28.2 
18.817 23.5 
25.951 26.6 
28.080 
37.216 
40.634 29.6 
52.006 28.4 
52.935 26.8 
59.784 27.4 
83.720 
95.286 27.4 
99.903 29.9 
4406.810 25.5 
08.549 25.3 
15.244 26.0 
27.420 28.0 
42.510 25.0 
47.892 26.7 
59. 304 23.6 
68. 663 25.2 
76.214 27.6 
82.376 25.6 
85.846 23.8 
4528. 798 25.7 
Mean — 26. 46km 
Va +29.41 
Va + 0.20 
Red. to Sun + 29.61 
Rad. vel. + 3.2km 
No. of star lines 26 
No. of comp. lines 22 
+1.98 
+£0.39 


B GEMINORUM— 
L 2117 


1905 Oct. rh 5m 
Hour angle E of 20™ 
Star spectrum fair only; com- 
parison lines (V, Fe) a 
trifle weak. 


Line A (Solar) | Velocity 


4314. 321 | —27.2km 
15.178 29.8 
18.817 | 27.5 


4328.080 | —28.gkm 
52.935 29.0 
59.784 29.9 
95.286 25.9 

4407.851 26.2 
08. 549 23.0 
27.420 25.5 
28.711 27.8 
47.892 23-3 
56.030 23.2 
57.656 26.4 
68 . 663 24.7 
76.214 26.5 
82.376 26.2 
94.738 24.5 

4501. 422 25.6 
28.798 25.0 

Mean — 26. 30km 
Va + 29. 66 
Va + 
Red. to Sun + 29.69 
Rad. vel. — 3.4km 
No. of star lines 20 
No. of comp. lines 20 
+£2.08 
€& +0.46 


a BOOTIS—L 1850 


1905 April 144 205 15™ 
Hour angle ob o™ 
Star spectrum fair only; com- 
parison lines (T7. Cr) weak. 


Line A (Solar) Velocity 


3 


4293-241 ty 
4318.817 
52.006 
52-935 
59-784 
76.107 
79-396 
94.161 
95.286 
99-993 
4400.615 
06.810 
08.549 
27.420 
42.510 
45-641 
47.892 
57-656 
68 . 663 


ONWNHE EN HUW 


Mean —4.59km 
Curv. corr. —0.50 
Va —0.37 
Vad +0.00 
Red. to Sun —o.37 
Rad. —5.5km 
No. of star lines 19 
No. of comp. lines 
+1.69 
+£0.37 


a BOOTIS—L 2011 


1905 Aug. 124 165 6m 
Hour angle W 3" so™ 
Star spectrum excellent; com- 
parison lines (Fe, V) good. 


| 
Line A (Solar) | Velocity 


4344-597 | +19.6km 


52-935 19.3 
59.784 
69.933 | 20.0 
79. 396 17-5 
go. 149 16.1 
91.146 17.9 
4406.810 19.3 
07.851 
18.499 21.0 
27.420 20.2 
28.711 7.5 
35.851 17.6 
41.881 16.9 
42.510 19.6 
47.892 21.0 
56.030 27.2 
57.656 20.0 
59.304 20.0 
60. 460 18.3 
68. 663 19.9 
76.214 19.5 
82.376 
97.046 20.6 
4501.422 20.8 
28.798 20.7 
29-774 19.7 
34-953 20.6 
Mean +19. 3okm 
Curv. corr. — 0.55 
Va —22.40 
Vd — 0.30 


Red. to Sun —22.70 


Rad. vel. — 4.0km 
No. of star lines 28 
No. of comp. lines —.29 
€ +1.45 
€& +0.28 


an 

= = 

) 

= — 

7 

: 

‘ 

om Se. 

| 

} 

Fc 


332 


a BOOTIS—L 2016 


toos Aug. . 16h gm 
Hour angle 4" 10™ 

Star spectrum good; compari- 
sion lines (V, Fe) good. 


Line A (Solar) Velocity 
4352-935 | +18.8km 
59-784 15.0 
79 - 396 15.6 
89.413 35.7 
4406.810 16.3 
07.851 $5.2 
18.499 19.2 
27.420 19.9 
28.711 17.9 
35-851 14.0 
41.881 14.9 
42.510 18.1 
47 -892 19.9 
57-656 18.1 
460 19.1 
61.818 19.6 
66.701 20.4 
68 . 663 19.7 
76.214 18.6 
82.904 19.7 
94-738 19-9 
97.046 21.4 
4501 .422 18.7 
28.798 20.7 
34-953 18.6 
Mean +18.20km 
Curv. corr. — 0.45 
Va —21.79 
Va — 0.32 
Red. to Sun — 22.11 
Rad. vel. — 4.4km 
No. of star lines 25 
No. of comp. lines 22 
¢ +£2.08 
€& +£0.42 


a BOOTIS—L 2043 


1905 Aug. 297 15 34™ 
Hour angle W 4" 30™ 
Star spectrum excellent; com- 
parison spectrum lines 
(V, Fe) excellent 


Line A (Solar) Velocity 


4352.006 | +13.6km 


52.935 16.9 
59.784 14.2 
79.396 12.1 


89.413 15.0 


V. M. SLIPHER 


4390.149 | +14.0km 
99.903 13.8 
4406.810 
07.851 12.3 
15.722 12.9 
27.420 16.0 
28.711 3.3 
41.881 2.3% 
42.510 13.4 
47.892 15.2 
57-056 13-9 
59 304 14-7 
60.460 
68 . 663 16.0 
76.214 14.3 
82.376 15-9 
94.738 12.3 
97.046 14.6 
Mean +14.12km 
Curv. corr. — 0.55 
Va —18.22 
Va — 0.33 
Red. to Sun —18.55 
Rad. vel. — 5.0km 
No. of star lines 23 
No. of comp. lines 23 
21.26 
€& +0.28 


a BOOTIS—L 2053 


toos Aug. 314 15 31™ 
Hour angle W 4° 35™ 
Star spectrum excellent; com- 
parison lines (Fe, V) good. 


Line A (Solar) Velocity 
4337-216 | +16.1km 
48.045 13.8 
52.935 16.3 
59-784 13-3 
69.933 14.2 
79.396 
89.413 14.8 
g1.146 si. 
4406.810 12.9 
07.851 12.6 
27.420 15.0 
28.711 II.4 
42.510 
47-892 15-4 
56.030 15.0 
59 - 304 15-5 
. 460 14.4 
68. 663 15-3 
76.214 15.6 
82.376 14.0 


Mean +14.07km 
Curv. corr. — 0.60 
Va 62 
Va — 0.33 
Red. to Sun —17.95 
Rad. vel. — 4.5km 
No. of star lines 20 
No. of comp. lines 20 
‘22.60 
€& +£0.36 


B OPHIUCHI— 
L 1947 
1905 July 19% 10™ 
Hour angle W 15 45™ 
Star spectrum fair: compari- 
son lines (Mo, Fe) fair. 


Line A (Solar) Velocity 


4352.006 | +0.3km 
52.935 | 4.0 
59-784 | 2.3 
79-399 | —1.4 

4406.810 | 5 
07.851 
08.549 | 1.8 
27.420 | ez 
38.510 | —I.1 
42.510 | +1.8 
47.892 2.4 
57.656 4.6 
59-304 2.6 
60. 460 3-4 
68 . 663 — 0.5 
76.214 0.5 
go.950 I.3 
97.046 +%.3 

4528.798 0.5 
34-953 —1.9 

Mean +1.03km 
Curv. corr. —0.55 
Va —12.25 
Va — 0.16 
Red. to Sun —12.41 
Rad. vel. —11.gkm 
No. of star lines 20 
No. of comp. lines 21 
€ +£1.95 
€& +£0.44 
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B OPHIUCHI— 
L 2017 
1905 Aug. 175 50™ 
Hour angle W 2" 
Star spectrum good; compari- 
son lines (Fe, V) strong. 


Line A (Solar) Velocity 
4328.080 | +15.okm 
39-731 10.8 
49.107 14.2 
52.006 10.5 
52.935 
59-784 
79.396 10.1 
89.413 12.6 
99.903 9-4 
4406.810 I1.4 
07.851 13.0 
08.549 53.2 
27.420 
42.510 10.5 
47.892 8.1 
57.656 13-9 
59-304 14.0 
. 460 
68 . 663 14.8 
76.214 7 
go.g50 
Mean +12.14km 
Curv. corr.. — 0.42 
Va —22.33 
Va — 0.23 
Red. to Sun — 22.56 
Rad. vel. —10.8km 
No. of star lines 21 
No. of comp. lines 
€ +£0.37 
B OPHIUCHI— 
L 2058 


1905 Sept. 84 165 32™ 
Hour angle W 2 35™ 
Star spectrum fair; compari- 
son lines (Fe, V) good. 


Line A (Solar) Velocity 
4328 .080 +14.8km 
31.762 12.7 
52.006 12.8 
52-935 15.4 
59.784 13.8 
69 . 868 18.4 
79-396 12.4 


4395.286 | —13.9km 
4406.810 16.9 
08.549 13.6 
15.244 18.1 
27.420 16.0 
28.711 II.9 
42.510 16.5 
47 -892 14.3 
59 - 304 18.4 
60. 460 18.0 
69 . 549 19.4 
76.214 14.6 
82.376 18.1 
94.738 12.7 
4522.853 15-3 
28.798 14.4 
Mean +15.31km 
Curv. corr. — 0.45 
Va — 25.89 
Vd — 0.22 


Red. to Sun —26.11 


Rad. vel. —11.3km™ 
No. of star lines 23 
No. of comp. lines! 23 

+£2.32 
€& +0.48 


y AQUILAE—L 1921 


1905 July 54 21h 5m 
Hour angle W o® so™ 
Star spectrum good; compari- 
son lines (Ti, Mo, Cr, Fe) 
overexposed. 


Line A (Solar) Velocity 


+ 
3 


4321-931 | —13- 
28.080 
31.762 
34.967 
39-731 
52.006 
52.935 
59-784 
64.273 
76.107 
79-396 
95.286 

4400.615 
27.420 
42.510 
47.892 
59 - 304 
68 . 663 
75.026 
76.214 


On? CO HWSO DAO ONS 


ONO AD KHAN 


Mean —g.ookm 
Curv. corr. —0.50 
Va +6.89 
Va —o0.08 
Red. to Sun +6.81 
Rad. vel. —2.7km 
No. of star lines 20 
No. of comp. lines 14 
€ +2.30 
€ +£0.51 


vy AQUILAE—L 1926 


1905 July 74 205 25™ 
Hour angle W o*® 20™ 
Star spectrum good; compari- 
son lines (Mo, Fe) weak. 


Line A (Solar) Velocity 


3 


4328 .080 
31.762 
39-73% 
52-935 
59-784 
69 .933 
79 - 396 
95. 286 

4407.851 
27.420 
42.510 
47-892 
57- 
59-304 
68 


vist O COw AN OL 


OHM 


Mean —7.83km 
Curv. corr. —0.50 
Va + 6.08 

Vd —0.03 

Red. to Sun +6.05 


Rad. vel.  —2.3km 
No. of star lines 15 
No. of comp. lines 18 
+£2.23 
€ +£0.57 


: 
= 
| 
— 
at 
— — | 
| 
| 
= — 
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AQUILAE—L 10952 


t905 July 154 19% 

Hour angle W o* 15™ 
Star spectrum fair; compari- 

son lines (Mo. Fe) fair. 


Line A (Solar) Velocity 


+ 
3 


4328.080 
49.107 
52-935 
59-784 
62.262 
76.107 
79-396 

4400.615 
06.810 
07.851 
27.420 
42.510 
47 -892 
56.030 
57-656 
60 


NONE ANNAN 


Mean —4.1okm 


Red. to Sun +2.75 
Rad. vel  —1.3km 


No. of star lines 18 
No. of comp. lines 
e +2.06 
€& +£0.49 


e PEGASI—L 1948 


1905 July 14% 215 18™ 

Hour angle E ob 24™ 
Star spectrum good; compari- 

son lines (Fe, Mo) good 


Line A (Solar) Velocity 
4331.762 | —12.6km 
52-935 7-9 
59-784 6.1 
76.107 
79-396 10.9 
4407 .851 9-7 
33-390 9.6 
41.881 15.0 
42.510 II.5 
45-641 10.6 
56.030 14.0 
57-656 10.2 
59-304 8.3 
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4468 . 663 —6.7km 
76.214 EL.3 
82.376 g.1 
82.904 10.3 

4501.422 9.5 
05.003 8.7 
28.798 10.7 
29.774 10.0 

Mean — 10. 20km 
Curv. corr. — 0.50 
Va +16.77 

Va + 0.04 


Red. to Sun +16.81 


Rad. vel. + 6.1km 


No. of star lines 21 
No. of comp. lines 17 
e +2.18 
€& +£0.47 


e PEGASI—L 2007 


1905 Aug. ro? 205 42m 
Hour angle W o® som 
Star spectrum very good; com- 
parison lines (71, Fe) good. 


Line A (Solar) | 


Velocity 
4318.817 +4. 6km 
28.080 
31.762 
47-403 1.9 
49.107 —0.6 
52-935 +2.1 
59-784 2.5 
76.107 
79-396 1.9 
89.413 z.2 
g1.146 2.9 
94.161 
95.286 0.4 
4406.810 
07.851 
27.420 +0.4 
41.281 
42.510 2.0 
45.641 +2.4 
47.892 0.9 
57-656 —2.8 
59 - 394 +0.9 
60. 460 
68 . 663 +1.4 
76.214 0.4 
85.846 
97.046 —1.6 
4500. 480 +3.4 
05.003 1.8 
12.063 


4512.906 —o.8km 
14.513 0.9 
15-475 3-0 
28.798 

Mean +0.39km 
Curvy. corr. —0.45 
Vad —0.08 


Red. to Sun +5.57 
Rad. vel. =+5.5km 


No. of star lines 34 
No. of comp. lines 25 
€ +2.01 
€o 34 


¢ PEGASI—L 2054 


Sept. 64 18> 48™ 
Hour angle W o® 45™ 
Star spectrum good; compari- 
son lines (V, Fe) fair. 


Line A (Solar) | Velocity 


4331.762 | +15.5km 
49.107 33.5 
52.935 16.1 
59-784 14.2 
76.107 
79.396 11.9 
89.413 14.0 
g1.146 11.6 
95.286 14.7 
98.272 14.1 

4427.420 16.1 
42.510 15.8 
47.892 
56.030 15.8 
59-304 16.8 

. 460 
68 . 663 16.7 
76.214 
82.376 13-9 
94.738 

4515-475 16.6 

28.798 14.9 
Mean +14. 10km 
Va —6.74 
Va —o0.08 


Red. to Sun —6.82 


Rad. vel. =+7.3k™ 


No. of star lines 22 
No. of comp. lines 23 
+£1.79 
€& +£0.39 


| 
| 
|_| 
= 
| 
68 . 663 
72.956 | — — 
| Va +2.77 = 
{ 
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e PEGASI—L 2080 


1905 Sept. 274 17h 28™ 
Hour angle W o® 48™ 
Star spectrum good; — i- 
son lines (Fe, V) somewhat 
strong. 


Line A (Solar) Velocity 
4328.080 | +18.7km 
49.107 19.3 
2.935 23.0 
56.110 19.9 
59.784 18.4 
76.107 19.0 
89.413 21.2 
go.149 19.8 
95.286 18.0 
4406.810 19.8 
07.851 
27.420 24.9 
28.711 19-3 
35.851 20.8 
41.881 20.0 
42.510 23.4 
45-641 23-3 
47.892 22.0 
57-656 23-7 
59 - 304 24.2 
68 . 663 26.2 
76.214 
82.376 25.0 
94.738 16.4 
97.046 23.6 
Mean +21.35km 
Ve 15.72 
Va — 0.08 


Red. to Sun —15.79 
Rad. vel. + 5.6km 


No. of star lines 25 
No. of comp. lines 25 
+£2.21 
€& +0.44 


y PISCIUM—L 2081 


1905 Sept. 274 190% 15™ 
Hour angle W 15 25™ 
Star spectrum fair; compari- 
son lines (V, Fe) good. 


Line A (Solar) Velocity 
4314.321 | — 4.okm 
15.178 8.4 
25-95! 3-7 
28.080 3.0 
37.216 5-4 
40.634 5-7 
41.530 0.7 
52.006 75 
52.935 6.0 


4359-784 
76.107 
79 - 396 
83.720 
95.286 

4406.810 
08.549 
15.244 


OP HWE OH HE NWN 
COORD OWHON HW 


Mean — 3.86km 


Va —0.13 
Red. to Sun — 7.92 


Rad. vel. 


No. of star lines 30 
No. of comp. lines 23 
e +2.56 
€ +£0.45 


—11.8km 


y PISCIUM-——L 2122 


1905 Oct. 274 18h 22™ 
Hour angle W 2" 10™ 
Star spectrum fair; compari- 
son lines( V, Fe) good. 


Line A (Solar) Velocity 
4294.273 | +15.okm 
4315.178 12.0 

28.080 13.4 
40.634 II.o 
52.006 13-9 
52.935 14-4 
59-784 9-3 
78.419 
79-396 7-3 
83.720 9-3 
95.286 7.0 
4404.951 6.3 
06.810 12.0 
07.851 8.0 
08.549 
15.244 13.9 
27.420 10.9 
42.510 10.0 
68 . 663 8.4 
76.214 
94-738 5-4 


4501.422 —g.4km 
08.455 10.1 
28.798 II.9 

Mean +10. 19km 
Va —20.99 
Va — 0.20 
Red. to Sun —21.19 
Rad. vel. —1.okm 
No. of star lines 24 
No. of comp. lines 24 
+£2.60 
€& +£6.53 


vy PISCIUM—L 2129 


1005 Nov. 24 17h om 
Hour angle W 15 20™ 
Star spectrum fair; compari- 
son lines (V, Fe) good. 


Line A (Solar) Velocity 


4293.241 +11.6km 


94.273 10.6 
4306.938 II.4 
15.178 11.6 
25.951 12.3 
31.762 10.0 
37.216 13.8 
40.634 12.3 
52.006 
52-935 14.3 
59-784 8.3 
77.407 12.3 
95.286 10.0 
4404.951 9.8 
08.549 12.3 
27.420 
41.881 11.6 
42.510 12.9 
47-892 13-7 
57-656 12.4 
59. 304 12.0 
60. 460 12.9 
76.214 15-4 
82.376 15.4 
4501.422 12.6 
28.798 15-5 
Mean +12.12km 
Va —23.08 
Vad — 0.12 
Red. to Sun — 23.20 
Rad. vel. —11.1km 
No. of star lines 26 
No. of comp. lines 24 
+1.88 
€ £0.37 


V 
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y CEPHEI—L 2109 No. of star lines 27 y CEPHEI—L 2130 
10905 Oct. 124 20% 45™ No. of comp. lines 28 1905 Nov. 24 195 som 
Hour angle W 35 5™ | € +2.60 Hour angle W 35 35™ 

Star spectrum fair; compari- € +0.¢0 Star spectrum weak and un- 
son lines (V, Fe) good. ° ‘5 symmetrical ; comparison 


lines (V, Fe) good. 


Line A (Solar) Velocity 
wee Line A (Solar) Velocity 
998-948 4315.178 | —47.9km 
49-4. 8.08 8. 
18.817 49.8 Line A (Solar) | Velocity , 49. 
28.080 | 48.2 | 53-935 | 48-9 
37.216 50.9 4315.178 | —45.9km 4 ‘3 
39-731 53-0 28.080 | 44-5 
52.006 49.1 40.634 44.4 15.244 43.2 
52.935 47.8 52-935 46.0 7.420 | 46.3 
59-784 51-5 59-784 47-4 28.711 | 48.5 
77.407 44.8 79 - 396 49-5 57.656 | 
286 95.286 46.1 | 
95 50.2 59.304 | 47.8 
4406.810 48.3 4408 . 549 49.2 66.701 | 2 
07.851 51.8 27.420 46.7 
08. 549 49.0 28.711 49-3 214 
27.420 46.4 47.892 47-1 Ro | 
28.711 | 49.8 59.304 | 45-1 
42.510 47-7 68 . 663 47.2 
43-976 46.5 76.214 47-7 7 
47.892 | 46.3 94-738 | 47.6 — 46.88km 
57-656 43-3 96.046 49.8 
59. 304 48.0 4501. 422 49-9 
| an —47.30km Rad. vel. —43.0km 
97.046 44.5 Va ba ge No. of star lines 17 
4528. 798 47-7 Red. to Sun +5.07 No. of comp. lines 18 
¢ 23.90 
— 48. 50km Rad. vel. —42.2km +0.58 
a 7-9 
Vad —0.06 No. of star lines 18 
Red. to Sun + 7.90 No. of comp. lines — 19 
+2.00 
Rad. vel. —4o0.6km € +£0.47 


The resulting velocities for the different plates tabulated above 
are here collected into a table. The first part of this table contains 
the values of the velocity deduced from each star plate, followed by 
their unweighted mean, which is given as the velocity of the star. 
In the second part of the table are given for comparison the results 
by other observers of the same star. 

It will be noticed that I have in general measured many more 
lines than is common in such observations. This has increased the 
accuracy of my velocities by decreasing the effect of accidental errors 
of measurement, which arise from the somewhat inferior definition 


| 
| 
| 
| 


in the spectrograms. 
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Although fairly accurate results are obtained 


in this way, the extra labor in the measurement and reduction is 
quite considerable. The spectrograph is soon to be remodeled so 
as to improve the definition and to render accurate velocity obser- 
vations possible with less labor. 


a ARIETIS 
SLIPHER OTHER OBSERVERS 
Date, 1905 | Velocity Observer Velocity | _ | Range 
Sept. 124 arh,. —14.3™ || Frost?........... —13.5km §km 
Oct 2 20. —14.0 || Adams!.......... —13-9 3 0.7 
Campbell3....... —14.1 4 0.6 
| Newall¢.......... —14.3 3 2.8 
Mean...... 14-3 || Lord and Maags.. —12.47 5 1.8 
—14.0 2 3.7 
Newall® —16.4 8 6.3 
a PERSEI 
Aug. 304 23h... — 2.okm || Frost............ 2. 3km \ 1. 6km 
Sept. 12 22... — 2.1 — 2.0 ss t.3 
Sept. 25 21... — 2.4 CampbelP....... — 2.2 10 2.0 
7 — 2.9 — 2.9 8 
Cet. 27 OP. — 3-3 Lord and Maag... + 0.6 5 3-7 
— 2.6 14 5.7 
— 3.2 13 2.2 
2-5 — 4.6 5 5-5 
B LEPORIS 
Oct. 34] ob... —12.8km || Frost............ —12.2km 
Oct. 12/23... —13.2 —12.6 
Oct. 27$23...| —13.0 
Mean... —13.0 


« “Spectrographic Observations of Standard Velocity Stars (1902—1903),”’ Astro- 
Physical Journal, 18, 273, 1903. 


2 Ibid., 15, 24, 1902. 
3 Ibid., 8, 150, 1898. 


4 Monthly Notices, 63, 298, 1903. 


5 Astrophysical Journal, 21, 297, 1905. 
6 Monthly Notices, 65, 651, 1905. 


8 Lick Bulletin, No. 4, p. 24. 


9 Astrophysical Journal, 19, 85, 1904. 


7 See footnote 2, page 339. 


10 [bid., 13, 322, 1901. 
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B GEMINORUM 


April 74 17h, | + 3.2km 6km 
Ot 8S ©...| + 3.2 + 3.7 3 0.2 
Oct. ag + 3-4 Lord and Maag.. + 5.3 5-4 
| Bélopolsky....... + 3.4 | 9 1.4 
+ 2.0 | 6 3-0 
a BOOTIS 
April 144 19h... — 4.7km 1. 3km 
Aug. 12 16... — 4.0 — 4.9 J? 0.9 
Aug. 15 16... — 4.4 Bélopolsky....... — 6.1 9 4% 
Aug, 29 16.. — 5.0 Lord and Maag... — 3.2 7 29 
Aug. 31 16. — 4.5 Frost and Adams! — 4.3 8 1.8 
— 5.8 5 2.97 
— 6.6 
Mean...... — 4.7 "9 
B OPHIUCHI 
SLIPHER | OTHER OBSERVERS 
Date, 1905 | Velocity | Observer | Velocity _s Range 
July 154 18h.. | || | —11.3km \ o. 8km 
Aug. 15 18. —10.8 —10.9 j3 
Sept. 8 17. —11.3 —15.9 2 1.9 
1] 
| 
—11.3 | | 
y AQUILAE 
| 
July = 5d — 2.7km — 1.4km o.7km 
July 15 20 | Bélopolsky....... — 2.0 
ee — 1.9 4 | 4-2 
—2.r | | | 
PEGASI 
July 144 21h + 6.1km || Frost............ + 6.2km | o.5km 
Aug. 10 21 + 5.5 || Adams.......... + 6.2 if 3 | 0.4 
Sept. 6 19 + 7.3 || Campbell?....... + 5.7 4 | «2.2 
Sept. 27 17 + 5.6 || Bélopolsky....... + 6.0 7 1.4 
| Lord and Maag... + 6.1 5 5.8 
+ 6.1 | 


t Publications of the Yerkes Observatory, Vol. II, Part 4, p. 35, 1903. 


2Loc. cit. 
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Sept. 274 20h... —11.8km —10.7km | o. 4km 
Oe. —11.0 || Adams.......... —II.1 3 1.1 
Nov. 2 17..-| 

Mean...... —II.3 

CEPHEI 

Oct. 124 —4o.6km || Frost............ —41.okm 3 1.okm 
Oct. 27 21...| —42.2 | Adams.......... —41.4 0.2 
Nov. 2 20... — 43.0 | Bélopolsky....... — 39.9 | 4 2.7 

Mean...... — 41.9 | 


As regards the quality of the plates, the velocity of y Cephei is 
subject to the greatest inaccuracy, due to the weak character of the 
last plate. The velocity of y Aquilae is also somewhat uncertain, 
owing to lack of knowledge of the wave-lengths of the Mo lines, 
there being apparent disagreement between the arc™ and spark 
values. 

Comparison of my results with those of other observers seems to 
point toward slightly greater negative values for my velocities.? But 
as this depends largely upon the value got for y Cephei, the most 
discordantly observed star of the ten, I consider it only apparent 
and due to accidental causes. It might, however, be interesting in 
this connection to point out that there is a slight difference between 
the arc wave-lengths? of the V lines (A‘4300-4500) and Rowland’s 
solar wave-lengths of the lines assigned to V, the latter being about 
0.0025 tenth-meters greater than the former. 

The performance of the 24-inch glass has been, in these obser- 
vations, entirely satisfactory, as may be judged from a comparison 
of the exposure times with those of the same stars by Frost and 
Adams with the great Yerkes refractor. The altitude of this obser- 
vatory and the transparency of the sky must contribute very greatly 


t The wave-lengths of the Mo lines in the arc were published by Hasselberg in 
the Astrophysical Journal, 1'7, 20, January 1903. 

2 Mention should be made here that Professor Lord has called attention to the 
fact that his and Mr. Maag’s velocities are systematically too large positive by about 
two kilometers. 


3 Rowland and Harrison, Astrophysical Journal, '7, 273, 1898. 
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to the light-power of the equipment. Under fair conditions, with 
good guiding, satisfactory spectrograms of a Persei, for example, 
would be made (through a 0.025 mm slit) with a 15-minute exposure. 
My last plate of this star was given that length of exposure and was 
amply timed, whereas the shortest exposure given this star with the 
Yerkes equipment was 30 minutes. My earlier plates of this series 
were, in general, rather over-timed. 

In conclusion, I wish to acknowledge my indebtedness to Pro- 
fessor Lowell for encouragement in carrying on these observations, 
and to Mr. J. C. Duncan, fellow in this observatory, for checking 
the reductions to the Sun and assisting in preparing the tables for 
the press. 

LOWELL OBSERVATORY, 


FLAGSTAFF, ARIZ., 
November 7, 1905. 
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TOBIAS ROBERT THALEN 


Tobias Robert Thalén was born on December 28, 1827, in Ké6ping, 
Sweden. His parents were Jacob Thalén, principal of the school in that 
place, later pastor in Flackebo, and his wife, Maria Elizabeth Weijel. 
After concluding his studies at the school and gymnasium in Westerds, he 
entered the university at Upsala in 1849, where in 1854 he became a can- 
didate in philosophy, and later in the same year received the degree of 
doctor of philosophy. Thalén’s first scientific work was in the field of 
mathematics and astronomy, and he became in 1856 docent in astronomy. 
From 1856 to 1859 he carried on his physical and mathematical studies 
in England, France, and Germany, and after his return he became docent 
in physics, and in 1861 adjunct in physics and mechanics at the Univer- 
sity of Upsala. For the year 1869-1870 he held the professorship of gen- 
eral and applied physics at the technical school at Stockholm. We find 
Thalén in the following year again at Upsala, where he was professor of 
physics and mechanics. On December 19, 1873, Thalén was appointed 
as the first occupant of the especially established chair of mechanics at the 
University of Upsala. But in the following year, on August 6, after the 
sudden death of Angstrém, he became professor of physics, and retained 
this office until he retired on September 1, 1896. 

Thalén was one of the most distinguished professors of his time at 
the University of Upsala. His lectures were characterized by clearness 
and elegance, and several of his students have become prominent in physics. 
Thalén also took part in the conduct of the University, in addition to being 
a member of the Consistorium. From 1883 to 1896 he was a member, 
and from 1890 to 1896 chairman, of the select committee of the Board of 
Finances of the University, and from 1889 to 1891 he was Prorector. He 
was also a leading spirit in the Royal Society of Sciences at Upsala, of 
which he was the librarian from 1860 to 1902, and permanent secretary 
from 1880 to 1go1, thereafter an honorary member. From 1885 to 1899 
he was a member of the international metrological committee at Paris, 
and he took part in numerous meetings of the committee at Breteuil; he 
was also Sweden’s delegate at the metrological conferences at Paris in 1889 
and 1895, and he officially transported from Paris to Stockholm the pro- 
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totypes of weights and measures prepared for Sweden. On October 18, 
1901, he was elected an honorary member of the metrological committee. 
From 1900 to 1903 he was one of the five members of the Nobel committee 
for physics, which had the duty of dealing with all questions concerning 
the assignment of the Nobel prize for physics, and of submitting to the 
Academy of Sciences at Stockholm nominations of those to receive the 
prize. 

Thalén’s scientific activity in the domain of physics concerned itself 
in part with the study of electricity and magnetism and in part with optical 
observations, but particularly with spectroscopy. His methods of finding 
deposits of iron ore by means of magnetic measurements have been rec- 
ognized as of practical significance, and were awarded the medal of the 
first class of the geographical society by the International Congress of the 
Geographical Sciences at Paris in 1875. His most important contributions 
were in the field of spectroscopy. While Angstrom was occupying himself 
with the solar spectrum in general, and in particular with the determina- 
tion of the wave-lengths in this spectrum, Thalén made measurements of 
the wave-lengths of the lines of several metals. In this way the value 
of Angstrim’s Spectre normal du Soleil was still further increased, as the 
origin of a large part of the Fraunhofer lines could be established with 
certainty. In a yet greater measure is Thalén’s memoir Sur le spectre du 
jer obtenu & Vaide de l’arc électrique (Upsala, 1885) of value as a supple- 
ment to the Spectre normal du Soleil. It is well known that certain devia- 
tions were soon found between the wave-lengths determined by Angstriém, 
and by other physicists, which were of such an order of magnitude that 
Angstrém had himself taken steps to find their cause, but his untimely 
death prevented him from obtaining better values for his wave-lengths. 
In the memoir just mentioned, however, Thalén established the fact that 
these deviations for the most part depend upon the inadequate accuracy 
of the comparison made in 1866 at Paris between the mé/re a traits of the 
Physical Laboratory at Upsala and the é/alon prototype du Conservatoire 
des arts et métiers. In his later memoir, Sur la détermination absolue des 
longueurs d’onde de quelque raies du Spectre Solaire (Upsala, 1898), Thalén 
investigated this question still more thoroughly and found a more precise 
correction for Angstrim’s wave-lengths, which brings them into almost 
exact agreement with the wave-lengths determined by Michelson and 
Benoit by interference methods. It is true that doubts have been raised 
as to this method, but it nevertheless appears as though it had been brought 
into the forefront at the meeting in Oxford of the International Union for 
Co-operation in Solar Research. In any case, these two investigations 
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are witnesses to the exemplary accuracy of Thalén’s measurements. Finally, 
Thalén extended his spectroscopic investigations to several newly discovered 
or rare substances, and, in conjunction with Angstrim, to the spectra of 
the metalloids. 

Thalén’s services to science were rewarded by membership in numer- 
ous learned societies, and the Royal Society of London awarded him the 
Rumford gold medal; he frequently received awards from Swedish learned 
societies. It is hardly necessary to mention that numerous orders were 
bestowed upon him. 

Thalén married in 1862 Tonny Carolina Kraak, and one daughter 
was born from this marriage, who is now the wife of the secretary of the 
University of Upsala, J. von Bahr. 

As appears from what has been said, Thalén was to be called a fortu- 
nate man in many respects, and when he requested to be allowed to retire, 
there seemed to be much to promise him a quiet and peaceful old age. 
But all this changed in 1901, for in this year his wife was taken from him 
after a brief but severe sickness and a consequent operation. In the 
winter of 1903 he himself suffered a fracture of the hip bone from a fall 
on an icy street. From that time on he was not only a deeply bowed, 
but even a broken man. On July 27, 1905, he was released by death from 


his cares and sorrows. 
N. C. Duné&r. 
UPSALA, 
October 18, 1905. 


DE WITT BRISTOL BRACE 


On October 2 occurred the death of DeWitt Bristol Brace, professor 
of physics in the University of Nebraska. By his valuable published 
researches and by the administration of his professorial office he had won 
for himself, before his premature death, a prominent position among the 
physicists of this country. 

Professor Brace was born in Wilson, N. Y., on January 5, 1859. He 
was prepared for college in Lockport, N. Y., and was graduated at Boston 
University in 1881. After graduation he spent two years at Johns Hopkins 
University under Rowland, and two years at the University of Berlin under 
Helmholtz and Kirchhoff. In Berlin he began the series of optical 
researches, to which his life was devoted, by a study of the magnetic rota- 
tion of the plane of polarization, and published the results of his work in 
his inaugural dissertation, when he received the doctor’s degree in 1885. 
This first paper was an earnest of the work which he was to do in the 
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future. It is replete with discoveries and suggestions for new work, and 
was highly commended by Helmholtz for its originality. 

After his return to this country he was for a year an assistant professor 
at the University of Michigan, and soon afterward took up the work at 
the University of Nebraska, as professor of physics, which for seventeen 
years, until his death, he conducted with such conspicuous success. From 
the beginning he felt that his duty as professor was not limited by his 
courses of instruction, but that he was also bound to promote original 
research. He had the highest university ideals. To his enthusiasm and 
to his stimulating influence is largely due the great number of physical 
investigations which have been carried on in the University of Nebraska 
in recent years. The new physical laboratory of that university was 
planned by him especially for research, and he looked forward to years of 
happy labor in it with his colleagues and his friends. Most appropriately, 
this laboratory, which was so much the product of his mind and heart, 
will be named after him, and will no doubt illustrate for many years to 
come, by the work which proceeds from it, the inspiring example of its 
designer. 

Brace’s own contributions to physical science were almost exclusively 
in the domain of optics. By the invention of his sensitive-strip polarizer, 
and his half-shade elliptic polarizer, he extended the range of observation 
far beyond that previously attained, and he devised and partly executed 
many experiments in which this increased sensitiveness could be used in 
the study of fundamental optical problems. Returning to the question 
which he dealt with in his first published paper, he succeeded in showing 
that the beam of polarized light which undergoes rotation in a magnetic 
field is susceptible of resolution into two circularly polarized beams. He 
showed that, to a very high order of sensitiveness, no effect is impressed 
upon a ray of light by a magnetic field, if its lines of force are at right angles 
to the ray. He showed that, up to the third order of the ratio of the veloci- 
ties, no double refraction could be observed in a medium due to its motion 
through the ether. He planned and tested a method for determining the 
velocity of light, from which he expected still greater accuracy than that 
attained in the classical researches of Michelson and Newcomb. He exe- 
cuted several repetitions, with greatly improved instrumental appliances, 
of classical experiments bearing on the fundamental question of the rela- 
tive motion of matter and the ether. It is sad to relate that much of 
the work which he laid out for himself remains incomplete. He had 
planned more extensive investigations of the ether drift, and was only 
waiting for the completion of his new laboratory to undertake this impor- 
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tant task. No nobler memorial could be raised to him, nor one more after 

his own heart, than the execution of these long-meditated plans by those 

who will take up his labors in the place which he had designed for them. 
W. F. MAGIE. 


PRINCETON UNIVERSITY, 
November 15, 1905. 


WALTER F. WISLICENUS 


It is with great regret that we record the untimely death, at the age of 
forty-six, of Walter Friedrich Wislicenus, Ausserordentlicher Professor of 
Astronomy at the University of Strassburg. His observational activity 
began in 1882, before the completion of his university studies, when he 
took part in the observations of the transit of Venus with the third German 
expedition. For more than six years thereafter he was assistant in the 
Strassburg Observatory and largely concerned with meridian-circle obser- 
vations. He also regularly observed the Sun with the heliometer. His 
doctor’s thesis, Beitrag zur Bestimmung der Rotationszeit des Planeten 
Mars, was published in 1886. He became Privatdozent in Strassburg in 
1888, qualifying with his paper on Untersuchungen iiber den absoluten 
persinlichen Fehler bei Durchgangsbeobachtungen. He was appointed 
professor in 1894. He was a successful teacher, and his public lectures 
were characterized by their clearness. 

It was a matter of regret to his friends that circumstances did not put 
him in a position where he could become a practical observer in the field 
of astrophysics, which held for him a very great interest. As a result of 
this, his scientific activity, aside from teaching, was more directed toward 
literary and bibliographical lines. His Tajeln zur Bestimmung der jahr- 
lichen Auj- und Untergdénge der Gestirne constituted the twentieth volume 
of the publications of the Astronomische Gesellschajt. His Astronomische 
Chronologie (1895) is a book of value to historians and archeologists, as 
well as to astronomers. He also contributed important articles to Val- 
entiner’s Handwérterbuch der Astronomie, and he wrote several booklets 
in popular scientific series. 

During recent years he had devoted himself with great diligence to the 
editorship of the A stronomisches Jahresbericht, established by himself, and 
now in its seventh volume. His service in founding this valuable bibliog- 
raphy of current astronomy was a great one, and will be increasingly 
appreciated as time goes on. 

He was of charming personality, and in his quiet dignity a fine illus- 
tration of the gentleman and scholar. 


F. 


5 
4 
| 
ag 
‘ 
= 
| 
| 
| 
3 


346 MINOR CONTRIBUTIONS AND NOTES 


SOME REMARKS ON DR. O. C. LESTER’S CONTRIBUTION 
“ON THE OXYGEN ABSORPTION BANDS OF THE SOLAR 
SPECTRUM”? 


Owing to some delay in delivery, this paper did not come under my 
notice until six months after date of publication; consequently a number 
of inaccuracies contained therein have, in the meantime, remained unchal- 
lenged. 

I refer to some comments on my paper on the same subject in the 
Proceedings of the Royal Society of 1893. 

This latter, which is mostly of a tabular nature, describes the analytical 
process which led to a formula expressing the relation between the lines 
composing the absorption bands A, B, and a; its application to the reso- 
lution of the congested groups forming the heads of these bands into pairs; 
and the general subdivision of all the bands into series. 

The apparent complexity of the head portions is shown to be due to 
the overlapping and interlacing of several pairs near the edges of the 
bands. 

The resolution is illustrated by means of a graphical construction in 
which the axis of y at the origin is a tangent at the vertex of a parabolic 
curve, the axis of x coinciding with the scale. 

The extensions of the lines of a series are shown to intersect the curve 
at uniformly increasing distances from the axis of x, and the formula 
referred to is derived from the known properties of the curve. 

The two head series are shown to be distinct and independent of the 
two series forming the trains, the entire band being composed of at least 
four series. 

The greater intensity of certain head lines, the gradual variation in the 
separation of the components of pairs, and other characteristics which 
are the natural consequence of such independence, are also mentioned.? 

All this, which, from a spectroscopic point of view, has become a matter 
of ancient history, can hardly be presented to the readers of the Astro- 
physical Journal as a new discovery. I feel that I ought not to overlook 
any such implication. 

On p. 92 the following statement is made: ‘In his study of the single 
band by means of the parabola, Higgs shows a smooth curve connecting 
the lines of the head and tail series as if they were parts of the same band,” 
etc. 

I reply simply, but emphatically, that I do not show any such smooth 

t Astrophysical Journal, 20, 81, September 1904. 

2 A limited number of copies are still available for distribution. 
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curve connecting the lines of the head and train, but, on the contrary, 
show plainly that the head and train series are in every case independent 
of each other. 

In the text of the original memoir it is distinctly stated that each band 
is divided into four series. Correspondingly in the tables the parameters 
of four different curves are given for each band, the four vertices of which 
occupy as many different positions on the wave-length scale. 

On page 82 appears this remark: ‘Higgs confines himself to the study 
of the relations of the lines of a single band, taking B as an example.” 

It is not clear what can be the object of this statement, for not only 
were the a and B bands fully discussed, as far as the lines could be measured 
with any degree of accuracy, but several series of the A band which were 
not previously known to exist were examined and tabulated. 

The faint band in the green beyond D, which is invisible except by 
the aid of the most powerful instruments, was unknown at that time; but 
the following extract from a description of my Photographic Studies (1893) 
is evidence that the principal line was found to possess all the characteristics 
of absorption by the oxygen of our atmosphere: 

No. 9.—N.E. wind, dry. Below freezing. Air lines extremely faint. One 
line, \ 5789.4, is unaffected by the low temperature and by comparison with 
other low Sun sections, such as 10 and 86, evidently maintains an intensity pro- 
portional to the Sun’s altitude. The position is in close agreement with that 
of an absorption band for liquid oxygen as observed by Egoroff, Liveing and 
Dewar, and also with the hypothetical position for a fourth group in sequence 
with A, B, and a. 

The paragraph on page 82 concludes as follows: ‘There are two 
parallel parabolas corresponding to the two series in each band, the vertices 
coinciding with the beginning of each series.” 

As a matter of fact, the elements of four different parabolas are given, 
corresponding to the four series in each band. The last part of the sen- 
tence is misleading, if it is meant to convey that the vertices coincide with 
the first lines of the series instead of the origins. The foregoing distinction, 
as I will endeavor to show, has an important bearing on the construction 
of a general formula, not only for the oxygen absorption bands of the 
solar spectrum, but for any other spectrum series whose second differences 
expressed in wave-lengths or wave-frequencies are likewise practically 
constant.? 

t The extremely minute deviations referred to in the original memoir cannot 


be taken into account until the measurements can be relied on to within a few thou- 
sandths of a tenth-meter. 
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First, let it be assumed that the initial line coincides with the origin 
at the vertex; then, from the above-named condition and the nature of 
the curve, we know that 


I 
A=v+—n’. I 
(1) 


But from the condition alone we also know that the wave-length of 
nth line is, in part, the product of the arithmetical progression, 1 + 3 + 
+r, that is, into the semi-constant second difference denoted 
by 0, so that 

A=A+bn?. (2) Deslandres’ formula 


In applying the above to wave-frequencies a change of signs becomes 
necessary. No. 2 is applicable to bands of many gaseous spectra whose 


lines at the edges of bands are in close formation. The solar group com- — 


mencing at A 3883.5 on Angstrém’s scale is probably an example. 

For bands whose edges are in more open formation there is but one 
possible case where it can be applied, and that is where all of the first 
differences happen to be odd multiples of the semi-constant difference b. 

The second of the ‘“‘Secondary Series” in the train of A which I dis- 
covered in 1890 furnishes a remarkable and, as far as I know, unique 
example of its application; here the first differences are odd multiples 
of the semi-constant difference. 

It may here be remarked that missing lines of a series, if any, are 
necessarily included in the reckoning from the origin. 

In general, the first differences are in excess of the odd multiple, as 
shown in the appended column, from which it will be seen that the excess 
is also a constant: 

Origin 


b+k 


3b +k 


sum=kn+bn? . (3) 


rb + 
N 


In this case the first line of a series cannot coincide with the vertex or 
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origin, and the expression for the wave-length is a modification of (1), or 
(4) 


which is applicable to every possible case. 
This is my parabolic formula, which, reduced to the straight line as 
in (2), becomes 
A=O0+)(n +c)? , (5) 


where O, the origin, has the same value as V, but does not coincide with 
A, denoted as the first line of the series. 
In practice this difference between V and A requires to be known; 


2 
denote it by x, which we know is a y? from the nature of the 


curve and the equality of b and ‘3 and as k=2by and yan then 


b 
, Where denotes the first difference. 

4b 4b 

Formula (4) was used simply because of its direct application to the 
graphical construction given in the memoir; but the mechanical and physi- 
cal sciences supply us with numerous other instances in which one quantity 
varies as the square of another, several of which might serve as illustrative 
principles. 

As an example, the reader may conceive a point to move along the 
scale with a uniformly increasing speed, and the spaces between the lines 
of any series will be described in equal intervals of time; but whatever 
form the expression assumes, the coefficient of ? has one signification 
and one only: it is the inseparable accompaniment of the hypothesis with 
which we set out. | 

In dealing with the discrepancies between the measurements and cal- 
culations on page 95, Dr. Lester states that the character of the variations 
plainly indicates that Deslandres’ constant 6 is not really a constant, and 
in the concluding pages proposes to amend Deslandres’ law by ascribing 
to that factor as many values as there are lines in a series; and finally on 
page 98, after discarding it altogether, he adopts two other constants which 
have no meaning whatever except that they combine in producing an 
approximate agreement between the measures and calculations in the 
formula N=a+kn+c~'n? . 

It must be obvious that this or any other formula which does not involve 
the semi-constant second difference as a coefficient of m? has no raison 
d’étre; the amendment then resolves itself into a reductio ad absurdum. 
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If it is considered desirable to involve both first and second powers of 
n, why not at once apply the ready-made textbook formula for uniformly 
accelerated motion? In which case we have 
N=a+kn+bn? , (6) 
where b retains its constancy and & the signification already assigned to 
it in (3). In applying (6) to the wave-length scale the terms are positive, 
and the calculations would agree precisely with those of my tables, but the 
numbering of the lines of a series from o to m would not, of course, include 
the missing steps from o, the initial line, to the origin. 
The lines of Dr. Lester’s continuation table on page 92 evidently con- 
stitute the first three pairs of my ‘‘Secondary group” which is independent 


of both head and tail of the main band. 


GEORGE HIcGs. 
LIVERPOOL, 


September 15, 1905. 


SECOND NOTE ON “ORTHOCHROMATIC” PLATES 


The ‘‘sensitiveness-curves”’ in Fig. 3 accompanying the present paper 
were plotted from negatives obtained under precisely similar conditions to 
those described in my ‘‘preliminary note.’ 

In considering the series 
recording the selective sensitive- 
ness of the Cramer “Slow Iso- 
chromatic’ plate an interesting 
condition was observed which, in 
brief, amounts to a reversal of 
curve according to whether 
“under” or ‘“‘normal”’ exposure 
be considered. 

In the record of this plate 
(Fig. 1) it will be noted that 
beginning with the 5 seconds 
exposure, up to and including 
that of 30 seconds, the maximum 
sensitiveness lies decidedly in the 
violet about A 3900-4100. With 
the 1 minute exposure, however, 

Fis. 1 the yellow-green sensitiveness is 
slightly in excess of the former, and gains in density very rapidly with 
increasing exposure, until at 8 minutes it is far ahead and has then reached 


t See p. 153- 
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the point of greatest allowable opacity. In the meantime the blue-violet 
has but slightly increased. 

The dye incorporated in the emulsion during the preparation of the 
plate stains it with a heavy greenish-orange hue, which shows a definite 
absorption band in the yellow-green from A 5400-5800; while in the violet 
the absorption is very strongly marked, shading off gradually in the blue. 
The sensitiveness-curve for normal exposure is therefore resultant from a 
combination of emulsion and “‘light-filter.”’ 


Density 


3-6— 


a 
I 


C a D Eb F G HKLM N O 
Fic. 3.—Density-Curves Corresponding to Plates Plotted in Fig. 2 (p. 155). 


The light which falls upon the surface of the film (‘‘underexposure’’) 
affects first the blue-violet-—the region of maximum sensitiveness; but, as 
it penetrates (by lengthened exposure) farther into the film, the violet and 
blue light is more and more absorbed, while the yellow and green is 
transmitted with but slight loss. 

It will be noted that these curves, Fig. 2 (p. 155) and Fig. 2 (herewith), 
have been plotted with “opacity in light-units.”” This differs from the method 
of Hurter and Driffield, who measure opacity, but plot density. The investi- 
gations of these workers' have proven that in a theoretically perfect negative 
the quantities of silver reduced at different points are proportional to the 
logarithm of the light producing them; the deposit of silver (density) 
representing the amount of chemical work accomplished by the light. By 


t Journ. of Soc. of Chem. Industry, May 1890; also Photo-Miniature, 5, No. 56, 
Nov. 1903. 
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plotting these spectrum negatives as ‘‘opacity in light-units” the curves 
serve as an indication of the relative exposure for pure color. At the same 
time they should also be plotted as densities, for, the transparency of the 
light being reduced by the density, such a curve is the measure of the 
printing value (Figs. 3 and 4). 


Density 


Cc a D Eb F G HKLM N O 
Fic. 4.—Density-Curves Corresponding to Plates Plotted in Fig. 2. 


As a check upon the opacity estimation of these curves it was thought 
advisable to adopt some method of “proving” them. A density-curve 
was therefore selected (Cramer “Instantaneous Isochromatic””) which had 
been plotted from the opacity-curve already published,t and which should 


Fic. 5 


be, theoretically, exactly the inverse of the original. This was mounted 
upon a sheet of opaque paper and its area carefully cut out, then placed in 
a camera, and an image projected of a size comparable with the original 
negative. This last adjustment was readily effected by making pinholes 
through the paper mask at the positions of the Fraunhofer lines (abscissz) 
and focusing the bright images to size. By means of a plate swinging 
vertically the image of the curve was caused to impress itself with varying 
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density, the pinholes being distinctly shown as slightly darker lines crossing 
the negative of the artificial spectrum thus obtained. 

This negative was found to be closely comparable with the original 
spectrum negative, when due allowance was made for the effect of the 
Fraunhofer lines in the latter. Comparison prints are shown in Fig. 5, in 
which one-half of the height of the artificial spectrum has had the lines 
drawn in by hand, while the remaining half is untouched. 

The result of the speed tests for the plates represented in this second 
note is (while still taking the Cramer ‘“‘Instantaneous Isochromatic”’ as 1.0) 
as follows: 


Standard ‘“‘orthochromatic”’ = 0.75 
Cramer “‘slow isochromatic’”» = 9.00 
Warwick “Rainbow” (slow) = 2.00 
Wellington “Iso speedy” = 1.17 


Thus it would appear that the ‘‘slow isochromatic”’ has a speed of one- 


ninth that of the ‘‘instantaneous isochromatic.”’ 
RoBert JAMES WALLACE. 
YERKES OBSERVATORY, 
October 27, 1905. 


NOTE ON THE EVOLUTION OF THE SOLAR SYSTEM 


In the October number of the Astrophysical Journal, Professor Moulton, 
in the leading article, attacks the idea that the retrograde revolution of 
Phoebe may be explained by the hypothesis that Saturn itself formerly 
revolved in a retrograde direction; that the solar tides reversed this rota- 
tion, so that the planet presented for a time only one face to the Sun; 
and that subsequent condensation accelerated its speed to the velocity 
which it now possesses. 

In all that he says of this supposition I quite agree with him, although 
I am surprised that he should have thought it worth while to devote so 
much space to disproving an explanation so obviously improbable. What 
I fail to understand, however, is why he should associate my name in 
any way with this ancient theory. Perhaps when it was propounded by 
Kirkwood in 1864' it did not seem so improbable as it does today, but 
that was a good while ago. 

How Professor Moulton should have so completely missed the thread 
of my explanation I cannot understand, but would suggest that he should 
read some of my papers on the subject. The theory of planetary inversion 
has been before the public now for the last twelve years. It was pro- 
pounded in order to explain some peculiarities of Jupiter’s satellites, and 
the anomalous revolution of the satellites of Uranus, a revolution which 


t Am. Jour. Sci., 38, 1. 
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no other theory has ever even attempted to explain, before or since, so 
far as I am aware. 

When the retrograde revolution of Phoebe was discovered, it was found 
that the inversion theory would fully explain it as it stood, without 
modification. Indeed, Phoebe furnished a very pretty illustration of it. 
Incidentally it also explains the inclined orbits of the sixth and seventh 
satellites of Jupiter. 

I would suggest to Professor Moulton that when he has read one of 
my articles, he should procure a gyroscope and watch the wheel gradually 
shift its plane—it is a rather interesting sight. At first it will, for instance, 
be parallel to the plane of the orbit of the satellite of Neptune, then of 
Uranus, then of Saturn, and finally, when the planes of revolution and 


rotation again coincide, to that of Jupiter. 
H. PICKERING. 
October 18, 1905. 


AN APOLOGY AND AN EXPLANATION 


1. I desire to apologize to Professor W. H. Pickering for having mis- 
interpreted his views in my paper on the evolution of the solar system. 
But there was no hint in the paper that the theory of tidal retardation was 
original with him. It has been well known since the time of Delaunay; 
and so well known since the researches of Darwin in 1878 that it was not 
deemed necessary to refer to its origin. The statements were intended to 
mean simply that Professor Pickering applied this idea to the evolution of 
the Saturnian system. Since he denies having had any reference to it, I 
must express my deep regret that I ascribed to him such views. 

2. I wish to make a few comments on the dynamics of the question, 
and to show that, under the hypotheses adopted by Professor Pickering, the 
only effect on the rotation of the planet would be precisely that which I repre- 
sented him as having had in mind. Since in all his papers he used general 
language with vague references to the gyroscope, rather than the precise 
terminology of technical dynamics, his ideas were not perfectly clear to me. 
My excuse for ascribing to him the views which I did, is that, while I 
was not absolutely sure from his language what he had in mind, I assumed 
that his conclusions followed from the hypotheses which he adopted. 

The problem in question is to determine the effects on the rotation of 
a planet of the attraction of the Sun for the tides which it has raised upon 
the planet. The first principle of the dynamics of rigid bodies is that all 
the forces which act upon a body may be resolved into three rectangular 
components applied to its center of gravity, and three couples about three 

1 Nature, 71, 608. 
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rectangular axes. Since the rectangular components do not affect the 
rotation, they may be omitted from this discussion. 

Let us take the x and y-axes in the plane of the orbit of the planet, and 
the z-axis perpendicular to this plane. The couple considered by Pro- 
fessor Pickering is the one around the z-axis. This follows from the fact 
that he says the force which he is considering is perpendicular to that which 
produces the precession. 

Now consider the rotation. Just as any translation may be resolved 
into three rectangular compgnents, so any rotation may be resolved into 
rotations around three axes. The rate of rotation around the x-axis may 
be represented by a vector from the origin along the x-axis, which may 
be called Oa. The rotations around the other axes may be represented 
similarly by Ob and Oc. The instantaneous axis of rotation has the 
direction of the resultant of these three vectors, and the rate of rotation 
is proportional to the length’of the resultant. 

The second principle of the dynamics of a rigid body is that the rate of 
change of rotation around an axis is proportional to the couple around that 
axis. This means thaf the couple around the z-axis changes the rate of rota- 
tion around the z-axis, and does not affect the rotations around the other axes. 

Consider the rotation of the planet. Suppose it is rotating around an 
axis perpendicular to the plane of its orbit. Then the vectors Oa and Ob 
are zero, while Oc extends in the negative direction from the origin. A 
slightly lagging tide will give a positive couple around the z-axis. This 
will increase Oc algebraically. If it continues long enough Oc will become 
zero, when the planet will have no rotation. After that Oc will become 
positive, and the rotation will be positive. This is the ordinary statement 
of the case. 

Suppose now that the rotation is around any axis, but that the com- 
ponent of rotation around the z-axis is negative. In this case Oa and Ob 
are not zero. The couple around the z-axis will act precisely as before, 
for its effects are independent of the rotations around the x and y-axes. 
That is, it will change the rotation around the z-axis just as it would if 
there were no rotations around the other axes. Also, it will not change 
the other rotations. Hence it can never bring the planet’s equator into the 
plane of its orbit. Since the question is respecting the change of moment 
of momentum around the z-axis from negative to positive, it follows that 
there is no reason whatever for introducing the rotations around the x 
and y-axes. The only result of doing it is to lead to a confusion of ideas 
when the problem is not treated by the methods employed in dynamics. 
It is easy to point out the source of the confusion. When the rotation 
around the z axis had become zero, there still remained a rotation, for 
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the rotations Oa and Ob retained their original values. Hence the body 
never stopped rotating, while its axis of rotation turned over. But this 
does not mean that the body turned over, or that its rate of rotation 
remained unchanged. On the contrary, since the rate of rotation of a 
body is equal to the resultant of its three components, it decreased until 
the z-component became zero, and then increased again. The whole thing 
corresponds to the fact that if a body is projected upward not vertically, 
it will fall back to the Earth without its velocity ever having become zero. 
Just as the influence of the Earth’s gravitation on the vertical component 
is independent of the other components, so the influence of the couple 
around the z-axis is independent of the other components of rotation. 
Therefore their introduction has added nothing to the problem except pos- 


sibly a little misunderstanding of it. 


F. R. Movutton. 
THE UNIVERSITY OF CHICAGO, 


November 8, 1905. 


REPLY TO PROFESSOR F. R. MOULTON 


I have carefully read over Professor Moulton’s reply to my letter, and 
it still appears to me that the effect of the annual tides on a planet having 
a retrograde rotation will be not simply to stop and then reverse this rota- 
tion, leaving its plane unchanged, as Professor Moulton claims, but rather 
to cause it to turn over, so that the rate of rotation shall be unchanged, 
while its plane is by this means rendered parallel to the orbit of the planet. 

I am sorry to differ from Professor Moulton on a point in such ele- 
mentary mechanics. The simplest case to consider, it seems to me, is 
where the rotations about the y and z axes are reduced to zero. We have 
now only a rotation about the x axis. This is the case, very nearly, of 
the planet Uranus at the present time. Let us now introduce a minute 
couple tending to cause a rotation about the z axis, due to the annual tide 
raised by the Sun. The result is to shift the direction of the axis of rotation 
of the body so that instead of being parallel to x, as before, it is now inclined 
slightly toward that of z. This may be represented by the component 
of the vectors in these two axes. The tidal force still acting about the z 
axis, the axis of the body inclines more and more toward it, until it finally 
becomes parallel to it. 

The last few lines of Professor Moulton’s letter seem to me to express 
this very idea. As he says, the body does not stop rotating, its axis of 
rotation simply turns over. His comparison to a falling body also seems 
to me to be an apt one. In the case above stated a body would be pro- 
jected in a horizontal direction. Its horizontal velocity represents the 


| 
| 
| 
| 
Peg 
| 
| 


358 MINOR CONTRIBUTIONS AND NOTES 


vector in the axis of x. It is acted on by a vertical acceleration, corre- 
sponding to the couple about z, which finally produces a velocity in a nearly 
verticai direction. ‘This is the vector in the direction of the axis z. 

The two cases are not exactly alike, because the uniform horizontal 
velocity exhibited by the falling body is not maintained in the other case, 
nor is the acceleration produced by the tidal forces uniform, since it becomes 
zero when the axis of rotation of the planet becomes parallel to z. A 
better analogy would be that of a stone projected horizontally through 
still water. The direction of motion of the stone through the action of 
gravity gradually becomes vertical. 

I think if Professor Moulton will refer to my paper in the Astronomische 
Nachrichten, 164, 201, he will there find the subject treated from the 


dynamical standpoint. 
WILLIAM H. PICKERING. 
November 12, 1905. 


NOVA AQUILAE OF 1905 


Following is a list of the plates which I made at Mount Wilson, Cali- 
fornia, with the Bruce telescope covering the region of the Nova, to which 
Professor Frost called attention in the last number of this Journal (p. 270). 

The given magnitudes are the smallest shown on the plates in that 
region. These magnitudes are photographic, and were derived from 
comparison with reflector photographs of the same region, on which Mr. 
J. A. Parkhurst had kindly marked certain magnitudes for my guidance. 
In every case the stars were in the region of bad definition, as no plate 
was centered quite near the place of the Nova. All these plates were 
made with the 64-inch doublet. 


1905 Exposure Lowest Magnitude 
> 52m 13.5 
43 13-3 
July 2.. 1 58 14.0 
4 35 14.0 
20. . 25 14.0 
30.. 5 30 16.0 
Aug. 4.. 4 30 15.0 
3 15 Nova shown strongly 
er 4 0 Nova shown strongly 


The Nova thus appears strongly on the plates of August 23 and 24, 


but not on any of the other photographs. 
E. E. BARNARD. 


YERKES OBSERVAYORY, 
November 10, 1905. 
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people’s intellectual needs, so much better than previous efforts in the 
same field, and so available for every thinking man and woman, that it 
claims a place at once as a popular classic. Such is the Masterpieces of 
Poetry, just published under the conduct of Dr. Henry van Dyke as 
Editor-in-Chief. 


Libraries Searched for You 


Dr. Van Dyke and his staff have searched thousands of volumes,— 
in fact, the whole field of American and English poetry,—to find just 
those particular poems that you want and that every household ought to 
have at hand just where father, mother, or children can easily get at 
the most beautiful productions of the master artists without wading 
through great libraries of books to pick them out. 

These volumes are more perfect in mechanical detail than any we 
have ever offered our readers. The typesetting has been done by De 
Vinne, and presswork, binding, and exquisite photogravure illustrations 
are worthy of the contents. The books have twenty-eight per cent. 
HENRY VAN DYKE. more pages in them than any other set in the Little Masterpiece series. 


A Few Golden Opinions of the Van Dyke Library of Poetry 


“There are many of us who hesitate at a long poem, “Dr. Van Dyke’s* Little Masterpieces of Lage * isa 
but who find both rest and inspiration from the briefer treasury of the choicest things, and it has been a delight 
utterances of the great poets. and yet who have never torunoveritsriches. The selection seems to me to have 
had the oppertantty or the leisure to cull from the been made with Dr. Van Dyke’s accustomed penetration 
world’s literature the briefer poems best worthy to be and the kinship of mood within the several groups of 
cherished as friends or even studied as the utterances of poems has been kept ina pope felicitous way. Ido 
the poet prophets. Tosuch this series will serve a useful not see how this beautiful little set of books can fail to 
purpose, and many, I hope, will join mein thanking you dovery much to bring many back toa fresh enjoyment 
for giving the series to the world.” of poetry, and to open to many others riches that they 
LYMAN ABBOTT, ‘‘ The Outlook.”’ have not before discovered in this field of literature.” 


HENRY CHURCHILL KING, Pres. Oberlin College. 
“It isa valuable collection of the best poetry, in con- 
wee and tasteful form, which I am happy to add to “It is one of the best English anthologies in existenge. 
my ibrary. No previous collection of English and American poetry 
THOMAS PF. HOLGATE, Northwestern University. is so complete, so well classified, and so serviceable for 
educational purposes. The small volumes are easily 
“Thank you very much for the ‘ Little Masterpieces handled and attractive in appearance.” 
of Poetry.’ It is by far the best anthology published.” W. H. P. FAUNCE, Pres. Brown University. 
GEORGE HARRIS, Pres. Amherst College. , 
“ grip or the invalid’s chair, or indeed for any 
y Henry van Dyke moments of leisure and recreation.” 
JOHN BURROUGHS. ae Dr. D. C. GILMAN, ex-Pres. Johns Hopkins. 
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A Few Golden Opinions of the Van Dyke Library of Poetry 


“Thave tried Dr.Van Dyke’s ‘Little Masterpieces of Poe- 
try’ ona girl of fifteen, an experienced matron, and an 
old man; and all three found it a delightful collection. 
I infer that it is going to be a very serviceable anthol- 
ogy ; and Iamsure that the wide sale of such a collection 
isan encouraging sign. It isa real pleasure to have the 
little volumes always at hand.” 


CHARLES W. ELIOT, Harvard University. 


“Permit me to thank you for the ‘* Little Masterpieces 
of Poetry.’ which seem to be about the most valuable 
merchandise ever put up in small packages.” 


GEORGE ADE. 


“TI know of no more complete and delightful selection 
of the best in poetry than that which you offer the public 
in these charming volumes * Masterpieces of Poetry.’” 


“The execution reveals both the taste and the skill 
which we have a right to expect from such an editor. 
What I especially liked was the treatment of English 
literature as a whole, both the British main stem 
and the younger American branch, each in its proper 


proportion.” 
BRANDER MATTHEWS, 
Columbia College. 


“This is altogether the best collection I have ever seen, 
and makes a most attractive work for home or library. 
In extending the circulation of this work, I feel that you 
are rendering a public service and benefiting every 
home in which it 1s placed.” 

J. H. KIRKLAND, 
Chancellor Vanderbilt University. 


“The work is a skillful condensation of many volumes 
and hasa value of its own. A library one can put into 
one’s dress-suit case, and is a good thing to have.” 


MINNIE MADDERN FISKE. THOMAS BAILEY ALDRICH. 


The Flower of the English Language in these 500 
Masterpieces of Verse 


The poems range from English ballads 
of unknown date down to Bret Harte and 
Stevenson. 

Of all the libraries of poetry that have 
been published, we predict that this will 
take first place because of its compact, 
beautiful form, its new classification, and, 
chief of all, because of Dr. Van Dyke’s 
labor of love in giving the selection the best 
thought available from the poet, critic, and 
scholar best fitted to select the poetical mas- 
terpieces of the English language. This 
set will be an ornament and a resource for 
every one who reads English and who has 
any wish for an easy acquaintance with the highest thoughts and the 
inspired moods of the great artists in English literature. 


Cloth and Three-Quarter 
Leather Editions. 


A Treasure for Everyone 


Americans, who do not have time as a rule to read poetry, will find the Masterpieces a god- 
send in enabling them to get in the easiest possible way some glimpse and knowledge of the most 
perfect poems of our language, knowledge that would otherwise escape them in their busy life. 


Send only 50 cents in stamps. A set of the books will be shipped for CHI.DRC. 
The Offfer | your approval at once, and your subscription for the Review or Re- Spt te 
views will be entered. If you like the set after examination, you of Poetry whic 


you are offering 
with the Review 
or Reviews. If I 
like the above books, 
I will make payments 
to complete the special- 
offer price. Herewith find 
first payment of 50 cents, 


make further payments of 50 cents a month for 12 months for 
the Review or Reviews for two years (regular price $6.00) and the full set of 
six volumes. Or $6 pays in full for the two years’ subscription and 
the books. If you do not like this new library, you may return it at 
our expense and no obligation will be incurred. 
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New Reflecting 
Lantern 


For brilliantly projecting on the screen in 
natural colors photos, engravings, sketches, 
colored prints, flowers, specimens, mechanical 
models and cuts in books. Also shows lantern 
slides perfectly. Attachable to any electric 
lantern. 

We also carry a large stock of Lantern Slides to 
illustrate Educational and Scientific Subjects. 

Lantern Slides on Geography. 

Lantern Slides on Geology and Botany. 

Lantern Slides on Natural History. 

Lantern Slides on Astronomy and Anatomy. 

Lantern Slides on American History. 

Lantern Slides on Psychology. 

Lantern Slides on Engineering and Architecture. 

Lantern Slides on Mining. 

Lantern Slides illustrating many other subjects. 


We rent slides at low rates. Send for lists, 
naming particular subject of interest. 
WILLIAMS, BROWN & EARLE, 
Manufacturers of Stereopticons, Microscopes, etc., 
Dept. 25 918 Chestnut St., Phila. 


When calling please ask to see Mr. Grant 


BOOKS 


AT LIBERAL DISCOUNT 


BEFORE BUYING BOOKS 
WRITE FOR QUOTATIONS 


An assortment of catalogues and special 
slips of Books at reduced prices 
sent for ro-cent stamp 


TO THE READER 


Please remember that whenever you need a Book, or 
any information about Booxs, if you will address me I 
will try to please you by attention and low prices, 
Write me of your wants, or call and inspect stock, and 
in either case I will make you special prices, 


F. E. GRANT 


23 W. 42d Street New York 
Mention this advertisement and receive a discount 


HIGH-GRADE WATCHES 


PAUL D. 


NARDIN 


Locle, Switzerland 
Established in 1846 


Cable Address: Maxine, Locle 


Manufacturer of 
High-Grade Simple and Complicated 
Watches, Marine Chronometers 


and 
Chronometers with Electric Register, 
Pocket and Marine Size 


171 prizes at Astronomical Observatories for best rated 
Chronometers. 
1889, Grand Prix, Paris, rgoo. 
Prize or Honor, Gotp MEDAL, at the International 
Chronometers’ Adjustment Competition, 
GENEVA, 1876. 


Sole Agent for the United States and Canada: 


R. NEWBURGH, 


A History of 
Matrimonial 
Institutions 


By 


George Elliott Howard 


Professor of Institutional History in the 
University of Nebraska 


. «+.» His work, based on the investigations of all acces- 
sible literature, historical, scientific, and legal, touches 
upon every problem involved in marriage and divorce, 
and its optimistic conclusions are quite in harmony with 
the true interpretation of evolutionary facts concerning 
the social development of mankind. It would be well if 
the extreme advocates of “divorce reform” and the 
Mormonophobiacs could give it careful perusal. For 
even the general public Professor Howard’s volumes can- 
not fail to be both interesting and instructive, for they 
deal attractively with the most human of all institutions, 
and containa mass of facts nowhere else obtainable.— 
The Nation, 


THE THREE VOLUMES IN PAPER BOX, 
$10.00 net, postpaid $10.70 


PUBLISHED BY 


THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO and 156 Fifth Avenue NEW YORK 
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| IVES’ NEW PROCESS REPLICAS of 


Diffraction Gratings 


LL REPLICAS of Rowland’s diffraction gratings which have heretofore been 
A ‘offered for spectroscopic use have been mounted according to Thorp’s method 
with the back of the celluloid or collodion film cemented to a glass plate, thus 
leaving the grooved surface exposed. This superposes on the diffracting surface all 
irregularities in both the mechanical and the optical thicknesses of cement and film. 
By a capital improvement on Thorp’s method, Mr. Ives has succeeded in making 
grating replicas which give greatly increased resolving power and show entirely satis- 
factory definition even in spectra of the higher orders. 

This improvement, which was described at the Franklin Institute in January, 1905, 
and in the Journal of the Institute in June, 1905, is effected (1) by making the cast ina 
harder and less elastic material than celluloid, (2) by putting it face down on a plane 
glass and forcing it into optical contact therewith, so that the perfect plane of the 
diffracting surface is preserved, and (3) by sealing it up under another plane glass, with 
a balsam mixture having the same refractive index as the casting material, so that the 
perfect parallelism of the transmitted light is insured, and at the same time the grating 
is protected from injury. 

Mr. Ives’ gratings are “passed” by spectroscopic tests which enable us to guarantee, 
for even the smallest and lowest priced gratings, a minimum resolving power in the 
second order spectrum of more than ten times that required to show the nickel line 
between the D’s. The gratings all have approximately 15050 lines to the inch. 

A photograph of the E b. region of the solar spectrum taken in the second order 
with one of the Y 140 gratings will be sent upon request. This photograph includes 
more than one hundred lines between E; and b,, shows E, as a triplet, and the line 
at 5227 as a still closer triplet. 


NET PRICE LIST 


Y¥140. Iwes Grating with about one square inch of ruled 
surface, sealed between glass plates 2x14 ne, rated 
for spectroscopes ofoneinchaperture. .. . $5.00 


Y¥141. Ives Grating, same dimensions as Y 140, but pass- 
ing a more rigid at full 


aperture .. . 6.00 


Y 145. Ives Grating, ruled 134 x1% inches, 
between glass plates 2'4 x2 inches, rated for neg 


| scopes of 14 inches aperture . . . f . 9.00 
Y146. Ives Grating, same dimensions as Y 145, but bear- 
ing highest eyepiecing at full aperture . . . . 12.00 


A circular giving a more complete description of these new process gratings and of other 
optical novelties due to Mr. ]ves is in preparation. 


THE SCIENTIFIC SHOP 


ALBERT B. PORTER 
Scientific Instruments 8324 Dearborn Street, CHICAGO 
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Astronomical Photographs 
and Lantern Slides 


To meet the demand for lantern slides and prints from astro- 
nomical photographs made at the Yerkes Observatory, arrange- 
ments have been made by which the University of Chicago Press 
can supply slides, transparencies, and prints to the general public. 
The stock is now in such shape that nearly all orders can be filled 
on short notice. Among the subjects available at the present time 
are: 


THE SUN. Prominences, spots, and flocculi photographed with’ the 
new Rumford spectroheliograph attached to the 4o-inch telescope, solar spectra 
the corona, and similar solar phenomena. 

THE MOON. Moon's disk at various phases, lunar mountains, and 
craters, and many enlarged details, taken with the 40-inch and 12-inch telescopes. 

NEBULAE, The great nebule in Andromeda and Orion, dumb-bell 
nebula, ova Fersei, and others, taken with the two-foot reflector. 

COMETS AND METEORS. BPorrelly’s comet, showing pro- 
gressive changes in the tail, etc. 

SPECTRA OF STARS. Numerous plates taken with the Bruce 
spectrograph, showing displacement due to velocity in line of sight, and to the 
Earth’s motion, spectroscopic binaries, spectra of the Orion type; comparative 
spectra of the stars of the fourth type, of ove, and many others. 


VARIABLE STAR FIELDS. A selection of about fifty 


fields, taken with the two-foot reflector. 

STEREOSCOPIC PRINTS.  Borrelly’s comet, lunar phases, 
instruments, and buildings. 

INSTRUMENTS. [n addition to numerous miscellaneous slides of 
interest to astronomers, there is a full assortment of the instruments and build- 
ings at the Yerkes Observatory. 

PRINTS. Prints of various sizes can be supplied from nearly all the 
negatives. 


A detailed catalogue of 12 pages will be sent upon application 


The University of Chicago Press 
Chicago, and 156 Fifth Avenue, New York 


STOKES’ 


XMAS BOOKS 


The BASSES: Fresh-water and 


Marine 


By William C. Harris, and Others. Edited by Louis 
with an introduction by TarLetos H. BEAN, and 
with numerous illustrations in colors and black-and-white 
by Louis Rueap. 

A companion volume to “ The Brook Trout,”’ published by the same 
authors some years ago, but more profusely illustrated and with a bind- 
ing of unusual originality. An exhaustive treatise upon this important 
fish—its habits, its value, its geography, the methods of capture, etc.— 
| prepared by men recognized in the world of sport as authorities. 8vo, 
cloth, $3.50 net; postpaid, $3.68. 


The CHILDHOOD of JESUS CHRIST 


By Henry Van Dyke 
| Dr. Van Dyke’s sympathetic study of the childhood of the Saviour 
| from the pictures of the old masters in a handsome gift edition, as well as 
| in the convenient and attractive ‘* Masterpiece” style. Cloth, 16mo, 
| with numerous illustrations, $1.00. Masterpiece Series, 75 cts., 60 cts., 
go cts., and 2s cts. 


WOMAN PAINTERS ofthe WORLD 


From the time of Carertna ViGri (1413-1463) to Rosa Bon- 
HEUR and the peo day. Edited by Walter Shaw 
Sparrow. With 6 photogravures, 7 color plates, and more 
than 2v0 half-tone engravings. Large 4to, cloth, gilt top, 
boxed, $3.50 net; postpaid, $4.00. 


The MEMORIES of ROSE EYTINGE 


This is the first time that an important autobiographical 
work has been offered at so low a price. Rose Eytinge has 
| acted with most of the well-known personages of the Amer- 
ican stage and known many famous people of an earlier 
day. Cloth, r2mo, 80 cts. net; postpaid, g2 cts. Illustrated, 
cloth, r2mo, $1.20 net ; postpaid, $1.32. 


The JOY of LIFE 
By Lillie Hamilton French 


A delightful plea for cheerfulness in daily life asa means 
toward right living. Attention is called to the attractive price 
at which the book is offered. Cloth, 16mo, 80 cts. net; 
postpaid, go cts. 


CHILDHOOD 
By Mrs. Theodore W. Birney 


A thoroughly practical book on the training of children by 
the founder and honorary president of the National Congress 
of Mothers. Cloth, r2mo, $1.00 net ; postpaid, $1.10. 


IDEALS for GIRLS 
By Mrs. Frank Learned (Priscilla Wakefield) 


Helpful talks to girls and to the mothers of girls, by one 
who knows them and has won their contidence. 
$1.00 net ; postpaid, $1.12. 


THE SIEGE OF THE SOUTH POLE. By H. R. Mit. 


| 


Illustrated with numerous half-tones, colored maps, etc. 
Small 8vo, cloth, $1.60 net ; postpaid, $1.75. 


THE ST. LAWRENCE: Its Basin and Border Lands. 
By S. E. Dawson, Litt.D., F.R.S.C. With numerous illus- 
— and maps. Cloth, small 8vo, $1.60 net ; postpaid, 

1.75. 


KRAUSZ’S PRACTICAL AUTOMOBILE DICTIONARY 
(English-French-German ; French-English-German ; Ger- 
man-French-English). Containing more than 12,000 terms. 
16m0, cloth, $1.00 net; postpaid, $1.10. Leather, with flap, 

.oo net; postpaid, $2.10. 


Sloth, r2mo, | 


OLD PEWTER, Brass, Copper, and 
Sheffield Plate 


By N. Hudson [loore. With more than 1os5 illustrations. 


This book has been prepared with the same care and is illustrated in 
the same elaborate manner as the books **O/d China,” “O/d Furniture,” 
etc., by the same author. Priceless collections have been drawn upon 
for the illustrative material, and all the marks and other means of iden- 
tification are considered. Cloth, &8vo, $2.00 net; postpaid, $2.18. 


HOME FURNISHING: Practical 


and Artistic 


By Alice M. Kellogg. With 5s; illustrations from photographs. 

This book is what its title implies, a practical guide to furnishing the 
home based upon practical experience. Cloth, 12mo, $1.50 net; 
postpaid, $1.65. 


SERVING and WAITING 


By Eleanor Marchant. With 46 illustrations from photo- 
graphs. 


An answer to the many pe 
young hostess, and many of wider experience. 
postpaid, $1.35. 


lexing questions that rise to vex the 
Cloth, 12mo, $1.20 net; 


Chats on OLD FURNITURE 


A Practical Guide for Collectors. By Arthur Hayden, 
author of “Chats on English China,” etc. Fully illustrated. 
Large 12mo, cloth, $2.00 net ; postpaid, $2.18. 


The FERN ALLIES of NORTH 
AMERICA; NORTH of MEXICO 


By Willard Nelson Clute, author of “Our Ferns in Their 
Haunts,” etc. With 8 colored plate? and nearly 200 line 
and half-tone illustrations and diagrams, by IpaA Martin 
Ciute. Large 12mo, cloth, $2.00 net; postpaid, $2.17. 


@ We have in preparation the following 
Handsome Illustrated Descriptive Lists 
of our NEW BOOKS for the HOLI- 
DAY SEASON of 1905-1906. If you 
are interested to receive them enclose 
this blank. 


FREDERICK A. STOKES COPIPANY, 
5-7 East 16th Street New York 


Please send mé WHEN READY: 
....Pictures and Art Calendars. 


....Books of Interest to Women, including 
old furniture, old china, rugs, etc. 


..+.Illustrated Descriptive Announcement of 
New books. 


....New Books for Children. 
Name....... 
Address. . 
Date .. 


FREDERICK A. STOKES COMPANY 


PUBLISHERS, NEW YORK 
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N the flood of books pouring daily from the press there is so 
much to choose from that no person can, unaided, judge 
what should be read and what left unread. Hence a journal that 
may be steadily trusted as a safe and agreeable guide to the 
character, the contents, the merits and demerits, of the impor- 
tant new books, is obviously of the greatest value to everyone of 
literary inclinations or pursuits. Such a journal Tue Dia has 
long been known to be. Established for over a quarter-century, 
it is generally recognized by the highest critical authorities as 
“the leading literary journal of America.” In its pages the new 
books are described and discussed upon their merits, without 
fear or favor, by the ablest scholars and critics in the country. 
To all who need a trustworthy and independent guide and aid in 
the complex field of current orservanain Tue Dit is indispensable. 


For the purpose of introducing THE DIAL 
VF Y S [ | () to a large circle of new readers the publishers 
will mail to any person, not now a subscriber 


to the paper, who will send 10 cents and mention this advertisement, four consecutive numbers, 
together with a special offer for a yearly subscription. No obligation ts implied by the acceptance of 
this offer other than the intention to give the paper a full and fair examination. 


THE DIAL, No. 203 MicHiGAN AVENUE, CHICAGO 


Lig Waves 
Their Uses 


By Albert A. Michelson 


1. Wave Motion and Interference. 5. Light Waves as Standards of Length. 
Comparison of the Efficiency ofthe Micro- 6. Analysis of the Action of Magnetism on 


scope, Telescope, and Interferometer. Light Waves by the Interferometer and 
3. Application of Interference Methods to the Echelon. 

Measurements of Distancesand Angles. 7. Application of Interference Methods to 
4. Application of Interference Methods to Astronomy. 

8. The Ether. 


With 108 text figures and three full-page lithographs. 


Numerous practical applications of recent theories in optics together with accurate 
illustrations and descriptions of apparatus add materially to the value of this book. 
Students of physics and astronomy will find here an admirable condensation of the some- 
what scattered literature of the subject, presented in an original and entertaining manner. 


Price $2.00 net; $2.13 postpaid. 


The University of Chicago Press 


Chicago and New York 
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BULLETIN NEW 
AND RECENT BOOKS 


ISSUED BY 


The Auiversity of Chicago Bress 


An Exposition of the Main Development 


General Sociology. Trcory, som Spencer 


Ratzenhofer 


By ALBION W. SMALL 


Professor and Head of the Department of 
Sociology in the University of Chicago 


Editor of the American Journal of Sociology 
Joint author of An /ntroduction to the Study 
of Society 
ty this important book Professor 
Small brings his wide reading 
and keen analytical powers to bear 
on the history of sociology and its 
present claims to be regarded as a 
science. These claims have often 
been disputed, on the ground that 
the material of sociology has already 
been pre-empted by the recognized 
social sciences—ethnology, history, 
economics, etc. Professor Small’s 
answer is that the work of co-ordi- 
nating these various groups, of sur- 
veying the process of human associa- 
tion as a whole, is a task distinct 
from that of a worker in one of the 
special fields, and that the body of 
knowledge so gained legitimately 
ranks as a science. The book thus 
has a twofold aim, being at once a 
vindication of the raison d’étre and a plea for the recognition of the new science, 
as well as a textbook for the use of students in the classroom. It is addressed 
to historians, economists, political scientists, psychologists, and moralists, quite 
as much as to sociologists. 


xiv-+ 739 pp., 8vo, cloth; net $4.00, postpaid $4.23 
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THE UNIVERSITY OF CHICAGO PRESS 


A Decade of Civic Development 


By CHARLES ZUEBLIN 


Professor of Sociology in the University of Chicago 
Author of American Municipal Progress 
Associate Editor of the American Journal of Sociology 


A VIGOROUS optimist is in himself a hopeful sign of the times. The author 

of this volume is a man of this stamp. ‘The last decade,” he says, “has 
witnessed not only a greater develop- 
ment of civic improvement than any 
former decade, but a more marked 
advance than all the previous history 
of the United States can show.” 
Professor Zueblin is a practical man, 
and his book is a practical book. It 
gives a concise and spirited account 
of certain definite measures {politi- 
cal, economic, social, and artistic) for 
the betterment of American cities. 
Here is a subject that lies at our 
very doors—a subject that no citi- 
zen can afford to overlook. 

Beginning with a discussion of 
the revived interest in citizenship, 
he treats in turn the training of the 
citizen, the making of the city, the 
educational effect of the great 
| world’s fairs, and the recent im- 
provements in the cities where most has been done— Boston, New York, Harris- 
burg, and Washington. The “Civic Renascence,” as Professor Zueblin calls it, is 
shown to be a great national movement, extending from sea to sea, comparable 
with the Civil War and the Reconstruction. There could hardly be imagined 
a more effective method of preaching the new crusade than straightforward 
recital of what has already been accomplished. What the future of such a 
movement will be can only be estimated, but no one will wish to remain ignorant 
of its present status. 

The book, just published, contains twenty full-page illustrations. 

Aside from his classroom work as professor of sociology, Professor Zueblin 
is one of the most-sought lecturers of the day in the field of university extension, 
and was formerly president of the American League for Civic Improvement. 


200 pp., 12mo, cloth; net $1.25, postpaid $1.39 
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THE UNIVERSITY OF CHICAGO PRESS 


Russia and Its Crisis 


By PAUL MILYOUKOV 


Formerly Professor of History at the Universities of Moscow and Sofia 


A MOST opportune work 

at the present moment 
is Paul Milyoukov’s Russia 
and Its Crisis. The book is 
an authoritative and compre- 
hensive account of the past 
development and present 
condition of the Czar’s 
empire, as manifested in its 
social, political, and religious 
institutions. Professor Mil- 
youkov, who is now in St. 
Petersburg, where he has 
recently suffered imprison- 
ment for his activity in the 
cause of freedom, is a typical 
representative of the influ- 
ential branch of the Liberal 
party known as the “ Intel- 
lectuals.”” His knowledge of 
his subject is minute and 
profound, his judgment calm 
and clear, and his presenta- 
tion of his views perfectly 
frank and fearless. 


The Dia/, under date of November 1, says: ‘The author carries out very satisfactorily the 
purpose that he had before him, and the book is one that must be studied by anyone who sets 
out to get a real knowledge of Russia. .... The book is a substantial and satisfactory piece of 
work, Professor Milyoukov. ... possesses an intimate knowledge of his subject, and is fearless 
in expressing his opinions; and we feel through the whole discussion that he is sincere and is 
trying to be fair. With ample knowledge, training, and evident fairness, he is the best available 
guide to a knowledge of present conditions in Russia from the historical point of view.” 


xiv+589 pp., crown 8vo, cloth; net $3.00, postpaid $3.20 
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THE UNIVERSITY OF CHICAGO PRESS 


ANCIENT RECORDS 


General Editor: WILLIAM RAINEY HARPER 


President of the University of Chicago 
Professor and Head of the Department of Semitic Languages and Literatures 


HE plan of this important undertaking, which aims to place before the 

world of scholars many significant records of the past hitherto unavailable, 

or available only in fragmentary and scattered collections, originated several 

years ago, and has been in process of elaboration ever since. It is intended to 

comprise three series of volumes, each of which will cover a special period of 
the ancient world, as follows: 


I. Ancient Records of Assyria and Babylonia 


Special Editor: ROBERT FRANCIS HARPER 


Professor of Semitic Languages and Literatures in the University of Chicago 


II. Ancient Records of Egypt 


Special Editor: JAMES HENRY BREASTED 
Professor of Egyptology and Oriental History in the University of Chicago 


III. Ancient Records of Palestine, Phcenecia, and 
Syria 
Special Editor: WILLIAM RAINEY HARPER 


Professor and Head of the Department of Semitic Languages and Literatures 
in the University of Chicago 


Of these, Series II, ‘‘Ancient Records of Egypt, is the first to take definite, 
form, and four volumes are announced for publication during the coming year 
which will include the Historical Documents. The first volume will appear 
about January 15, 1906, and the remaining three at intervals between that date 
and July 1. 

An advance price of $3.00 net per volume, or $12.00 net for the complete 
set, will be made. This will apply to all orders received prior to July 1, 1906. 
After that date the price will be advanced to $15.00 net per set. 


(See opposite page. ) 
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Ancient Records of Egypt 


By JAMES HENRY BREASTED 


Professor of Egyptology and Oriental History in the University of Chicago 
Author of The //istory of Egypt 


FULL and reliable source-book 

of Egyptian history is at last to 
appear. After ten years of labor, 
Professor James H. Breasted offers 
to Egyptologists and students of 
history a corpus of Egyptian in- 
scriptions on a scale not previously 
attempted, and with a degree of ac- 
curacy never before attained. Pro- 
fessor Breasted has copied with his 
own hand every Egyptian inscription 
in Europe and many of those in 
Egypt. So thorough a revision 
would have been impossible but for 
his connection with the great Egyp- 
tian Dictionary in preparation by the 
Royal Academies of Germany. The 
inaccuracy of even the best readings 
of ancient inscriptions is proverbial, 
but it is believed that, with the 
minute care that he has bestowed 
upon the work, Professor Breasted’s 
record of this vast mass of rapidly 
perishing material will prove definitive. Remote and dry as such labor may 
appear to the layman, it proves on closer acquaintance to be teeming with 
human interest. It is hardly necessary to say that an expert linguist at the 
present day is in a position very different from that of even the best scholar 
of twenty years ago. So great has been the progress in the study of the language 
that a complete revision of the documents was imperatively demanded. 

The inscriptions are arranged chronologically and extend from the earliest 
records to the final loss of Egyptian independence by the Persian conquest in 
525 B.C. They are accompanied by historical introductions, explanatory notes, 
and a full analytical index. While intended as a companion to the author’s 
The History of Egypt, they have an independent value, and deserve a place on the 
shelves of every student of ancient history. 


4 vols. ; 390, 450, 300, 560 pp. (see opposite page.) 
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The Silver Age of the Greek World 


By JOHN P. MAHAFFY 
Sometime Professor of Ancient History in the University of Dublin 

T? students of ancient life and thought Professor Mahaffy’s scholarly little 

volumes on the history of Greek civilization need no introduction. One 
of these the University Press has already been privileged to publish, Zhe 
Progress of Hellenism in Alexander's Empire, and another is shortly to appear, 
The Silver Age of the Greek World, which covers the period from the Roman 
conquest to the accession of Hadrian, tracing the spread of Hellenism in Asia, 
Egypt, and Italy. To classicists the chapters on Cicero and Plutarch will be of 
especial interest, while general readers will be attracted by those that deal with 
religion and literature in the first century. (To be published early in 1906.) 


First Russian Reader 
By SAMUEL NORTHRUP HARPER 


Graduate of L’Ecole des Langues Orientales, Paris; Associate in Russian Language and 
Literature in the University of Chicago. 


M® HARPER, who has studied his subject extensively in Moscow, Berlin, 

and Paris, is bringing out a First Russian Reader an adaptation of a 
French book compiled by Paul Boyer and N. Speranski, of the Ecole des 
Langues Orientales. The text for reading consists of stories from Tolstoy, and 
there are grammatical and explanatory notes and a vocabulary. (To be pub- 
lished early in 1906.) 


The Metaphorical Terminology of Greek 
Rhetoric and Literary Criticism 


By LARUE VAN HOOK 
Preceptor in Greek and Latin in Princeton University. 
N this dissertation Mr. Van Hook aims to determine the sources of the more 
obvious figurative terms, and to classify them accordingly; to define their 
uses as critical terms by English and Latin equivalents; and to cite similar 
terms and parallel passages from the literature of Latin and English criticism. 


52 pp., royal 8vo, paper; net 75 cents, postpaid 78 cents 


The Idle Actor in Aeschylus. 
By FRANK W. DIGNAN 


AC dissertation is an attempt to show that the false art for which Aeschylus 

is ridiculed by Aristophanes was largely due to the primitive condition 
and immature drama of the period. The argument involves a general discussion 
of the management of the actors in early drama. 


40 pp., 8vo, paper; net 50 cents, postpaid 53 cents 
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Books for New Testament Study 


REVISED EDITION 
By CLYDE W. VOTAW 


Assistant Professor of New Testament Literature in the University of Chicago 


_— lists, comprising books both popular and professional, are presented 

in the hope that they may be of assistance to students of the Bible in the 
selection of books for their study of the New Testament. The number of per- 
sons who are endeavoring to gain a historical and literary, as well as a 
spiritual, understanding of the Bible increases rapidly, and many of them desire 
guidance in the selection of books from which they may acquire the knowledge 
sought. 

The books named here are those which it is thought will prove most help- 
ful to the present-day student of the New Testament. Different schools of 
biblical interpretation are represented in the lists, brief annotations being given 
to characterize the books respecting their point of view, scope, and qualities of 
particular value. The only consideration in the choice of titles has been the 
efficiency of the books to promote the best appreciation, knowledge, and use of 
the New Testament. 


56 pp., royal 8vo, paper; net 50 cents, postpaid 53 cents 


The Messianic Hope in the New 
Testament 


By SHAILER MATHEWS 


Professor of Systematic Theology in the University of Chicago 


HIS volume seeks to establish a criterion for determining to what extent the 
concepts of the New Testament writers were essential and to what extent 
formal. In other words, it seeks to determine whether these concepts were of 
universal or of local application. The book is not only an interesting and 
instructive example of the historical method of studying the New Testament, 
but will be found indispensable in any attempt to fix the lines to be followed 
by a positive and genuine evangelical rendition of theology. 


“Professor Shailer Mathew’s volume on 7he Messianic Hope in the New Testament is the 
best treatise on this subject with which we are acquainted. Nowhere else have we seen so 
clearly, intelligently, and sanely drawn the distinction between Christ’s own account of his 
Messianic character and mission and the misinterpretation put upon his words by his disciples 
owing to their previous Pharisaic conception of what the kingdom of God meant and what sort 
of person the Messiah was to be.’’— Outlook. 


xx + 338 pp., 8vo, silk; net $2.50, postpaid $2.69 
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Finality of the Christian Religion 


By GEORGE B. FOSTER 


Professor of the Philosophy of Religion in the University of Chicago 

7 a course of lectures delivered at Harvard in 1893 and 1894, Professor 

Foster outlined an argument for the absolute value of Christianity which so 
impressed his hearers that he was urged to put it into permanent form. This 
he has at length done in The Finality of the Christian Religion, a work which gives 
evidence on every page of deep reading and a penetrating mind. Professor Foster 
contends that Christianity is a part of human existence—that, in the words of 
Tertullian, men are by nature Christians. The tendency of modern thought is to 
reduce everything to mere relativity. To this he opposes the absolute value of 
Christianity, not in the rigid form of a fixed revelation, but as a natural deyelop- 
ment, The work, which will be published in two parts, falls into four sections. 
The first section is a historical survey of the field under discussion; the second, 
a destructive criticism of authority-religion; the third, a presentation of the 
transition to a naturalistic view of the world; while the fourth is a constructive 
treatment of Christianity as the religion of the moral consciousness of man, in 
accordance with the evolutionary conception of acontinually progressive human- 
ity. (The first part will appear early in 1906.) 


The Prophetic Element in the Old 
Testament 


By WILLIAM R. HARPER 


President and Head of the Department of Semitic Languages and Literatures of the University 

of Chicago 
HIS is the latest volume in the series of ‘‘Constructive Bible Studies.” It 
forms, therefore, one step in the process by which the Sunday-school 
pupil is led from the kindergarten stage to mature biblical scholarship. The 
book is adapted for use in adult Bible classes, and will appeal particularly to col- 
lege and divinity students. It assumes that the reader has already an understand- 
ing of scholarly methods and a judgment of some maturity. The term ‘‘prophecy” 
is taken in its widest possible sense, and the prophetic element is shown to be 
interwoven with every period of biblical history, the present volume carrying 
the subject through Amos. A frank recognition is everywhere made of the 
various possible points of view, from the ultra-conservative to the rationalistic; 
but the reader has no difficulty in discovering the moderate views which are 


personally adopted by the author. 
viii+142 pp., 8vo, cloth; postpaid $1.00 
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Christian Belief Interpreted by 
Christian Experience 


By CHARLES CUTHBERT HALL 


President of Union Theological Seminary 
Author of Universal Elements in Christian Religion. 


N 1902 the course of lectures de- 
livered by President Hall, on the 
Barrows Foundation, in India, 
Ceylon, and Japan, created a pro- 
found impression throughout the 
Orient by reason of their scholarly 
contents, their clarity and beauty of 
style, their irenic tone, and the tact- 
ful sympathy with which they pre- 
sented the essence of the Christian 
religion in terms adapted to the 
methods of thought of the eastern 
mind. These lectures are now made 
available for western readers under 
the general title of Christian Belief 
Interpreted by Christian Experience. 
The -volume is dedicated ‘to 
those in India, Ceylon, and the Far 
East to whom the study of religion 
is precious .... in the spirit of 
brotherhood, and with true respect 
for the various faiths of men.” This 
fraternal spirit and breadth of view 
characterize the whole book, the intrinsic purpose of which is to point out the 
common foundation underlying the gropings of men after ultimate truths; 
to show that, however varied the manifestations of the religious life, in its 
fundamental principles there is essential unity; and, on this basis, to advance 
the claims of Christianity to being the absolute religion. 


“For its purpose, this book is a masterpiece.” —Congregationalist. 

“We most heartily commend this magnificent volume.—Ba/timore Methodist.” 

“One lays down the book with a feeling of profound admiration." — Zhe World To-Day. 

“The charm of the writer's style is most fascinating. It is, from many points of view a 
great book.”"—New York Observer. 


xlii + 256 pp., 8vo, cloth; net $1.50, postpaid $1.66 
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Primary Facts in Religious Thought 


By ALFRED WESLEY WISHART 


Sometime Fellow in Church History in the University of Chicago 
Author of Monks and Monasteries 


HE religious needs of our generation are admittedly peculiar. This attempt 

to suggest a clue for the solving of some widespread difficulties will prove 
interesting to all thoughtful minds. The book is in a sense theoretical, but its 
closeness to life at every point—its combination of warm feeling with sanity — 
saves it from seeming a mere academic exercise and gives it a direct appeal. The 
author starts with the conception of religion as a universal, inevitable human 
experience, distinguishes it from other things with which it is often confused — 
as theology and morality —shows its intimate connection with the life of. society, 
and suggests how its essence may be kept in spite of changing views on minor 


poe. 125 pp., 12mo, cloth; net 75 cents, postpaid 82 cents 


The Place of Industries in Elemen- 
KATHARINE E. Dorr. 


Extension Division in the University of 
Chicago 


N this book Miss Dopp de- 

scribes in an interesting and 
popular style the evolution of 
the Aryan peoples, and the 
gradual social and industrial 
progress of the human race in 
the various epochs, and states 
the results of a practical applica- 
tion of her conclusions to prob- 
lems of the elementary schools. 


Professor John Dewey, in the £/e- 
mentary School Teacher, says: “In 
my judgment, Miss Dopp’s book is 
the most helpful thing that has yet 
been published in the way of giving 
to teachers this point of view [the his- 
torical], and of putting them into 
scholarly and sane relations to the 
material involved in working it out 
on its educational side,” 


278 pp., 12mo, cloth; net $1.00, 
postpaid $1.11 
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Studies in Ancient Furniture 
Couches and Beds of the Greeks, Etruscans, and Romans 
By CAROLINE L. RANSOM 


Fellow in the History of Art in 
the University of Chicago 


RCHAEOLOGISTS, philolo- 

gists, students of Greek and 
Latin literature, collectors of an- 
tique furniture, and designers will 
be interested in this book, in which 
for the first time the subject of 
beds and couches of the classical 
period has been treated exhaust- 
ively. The descriptive text is : 
accompanied by explanatory ae 
notes, and numerous full-page 
plates and cuts enhance the value of this handsome volume, which is issued in 
quarto form, with large, clear type, heavy paper, wide margins, and a buckram 
cover of rich dark green stamped in gold. 


— 


— a dining-couch in the house of Eurytus. 
rom a Corinthian vase-painting 


“Miss Ransom has done her work thoroughly and well. .. .. . . . Aboveall the 
illustrations, which call for emphatic praise. The indexes are very full and helpful, The book 
as a whole deserves high commendation.” —F. H. Marsha.l in the Classical Review. 


“A scholarly contribution to the archaeology of furniture. No phase of the subject is over- 
looked,”"— Diad, 
128 pp.+29 Plates, large 4to, buckram; net $4.50, postpaid $4.75 


Egoism: A Study in the Social 
Premises of Religion 


By LOUIS WALLIS 


N this book the author sets forth the proposition that “egoism is the only 
‘force’ propelling the social machine.” This thesis he then proceeds to 
demonstrate by evidence drawn from biblical history. The historical criticism 
of the Bible, the author maintains, must be made in the light of sociology, and 
therefore requires the cognizance of the basic sociological factor. Lastly he 
shows practical bearing of this on the present social problems. The little volume 
is extremely readable and suggestive. 


137 pp-, 16mo, cloth; net $1.00, postpaid $1.10 
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The Social Ideals of Alfred Tenny- 
son as Related to His Time 


By WILLIAM C. GORDON 


EF is rare that two departments of study are combined so cleverly and profit- 
ably as literature and sociology are combined here. The reader sees at 
once that Mr. Gordon is quite at home in both fields. He reads his Tennyson 
with the discriminating sympathy and sure understanding of a scholar, and 
he handles the sociological categories with practiced ease. . In a witty and origi- 
nal chapter he defends the legitimacy of his attempt to employ literature as a 
corpus vile for science, and few would care to deny the right to one who himself 
possesses so pithy a style. The book will be of equal interest to sociologists 
and to students of literature. 


150 pp., 8vo, paper; net $1.00, postpaid $1.10 


Lodowick Carliell 


By CHARLES H. GRAY 


Assistant Professor of English in the University of Kansas 


6 Rw author presents in a single volume an exposition of the life and genius 

of a dramatist heretofore little known. Lodowick Carliell was a courtier 
and playwright of the time of the Stuarts, and flourished during the reign of 
Charles I. He wrote eight plays, which are of a peculiar nature and interesting 
as a type as well as individually. One of them, Zhe Deserving Favourite, is 
reprinted from the original edition of 1629, with no changes except a very 
pleasing typographical form. This play, with a summary and a critical discus- 
sion of each of the others, gives an adequate idea of their author’s dramatic 
style. His biography is written at some length. As the plays have not been 
reprinted since the lifetime of their author, and have never been criticised as a 
whole, and as Carliell’s biography has not been written until now, this volume 
affords new matter in the history of the English drama. 


“This is an interesting contribution to the history of the English drama . . . . Professor 
Gray furnishes a full and interesting account of Carliell’s life, and an outline of his career as a 
play-writer.”— Outlook, 


177 pp., 8vo, cloth; net $1.50, postpaid $1.62 
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Methods in Plant Histology 


By CHARLES J. CHAMBERLAIN 


Instructor in Botany in the University of Chicago 


> Faas many teachers and students of botany who already know Professor 

Chamberlain’s book will welcome the new and enlarged edition. It is 
the only book that gives full directions for the collection and preparation of 
botanical material for the microscope. The various methods of mounting are 
treated in detail, special prominence being now given to the Venetian turpentine 
method and to improvements in the paraffin method. Microchemical tests, 
free-hand sectioning, the use of the microscope, and the securing of repro- 
ductive stages in the simpler forms of plant life receive particular attention in 
the new edition. While intended for college classes, the book will be of great 
assistance to high-school teachers and amateurs. 

This revised and enlarged edition, which was placed on the market Novem- 
ber I, is practically a new book. It is the result of ten years’ work. It aims to 
meet the needs, not only of the student who has the assistance of an instructor 
in a fully equipped laboratory, but also of the student who must work alone 
with limited apparatus. 


x+262 pp., 8vo, cloth; net $2.25, postpaid $2.39 


A Laboratory Guide in Bacteriology 


By PAUL G. HEINEMANN 


Fellow in Bacteriology in the University of Chicago 


ie principal purpose of the manual is to guide the medical student through 

an elementary course in bacteriology. In writing this Guide, special stress 
has been laid on the proper instruction of a student inadequately prepared for 
comprehending the all-important methods of this comparatively new and rapidly . 
advancing branch of biology. 

The course as outlined includes all well-known pathogenic bacteria, and 
acquaints the student with their biological characteristics in such a way as to 
enable the coming physician to recognize them by the prescribed methods. 
The book, therefore, is useful to the practitioner as a reference to stimulate his 
memory and afford him guidance for research in his practice. The book is 
illustrated, and a list of recipes for making up special culture media adds greatly 
to its usefulness. 


xiv-+144 pp., 12mo, cloth; net $1.50, postpaid $1.61 
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CONSTRUCTIVE BIBLE STUDIES 


Edited by WILLIAM R. HARPER and ERNEST D. BURTON 


ORIGIN: The Constructive Bible Studies are the outgrowth of the 
conviction that the prevailing systems of Sunday-school instruc- 
tion are insufficient to meet the growing demands of the times. 


PURPOSE: Believing the Sunday school to be the great educational 
branch of the church, the editors of the Constructive Bible Studies 
have sought to produce a series of religious textbooks baséd on 
the fundamental laws laid down by trained educators. One of 
the most important of these laws is the principle that the curricu- 
lum must be adapted to the capacity of the pupils, giving to each 
grade work which is suited in material and method of treatment 
to the stage of development of the pupils. 


PLAN: The Studies comprise four series, each corresponding to a 
definite stage of development in the pupil. 


THE KINDERGARTEN SERIES 


takes up work of a more general character, dealing with the funda- 
mental facts of the Bible and the religious life. 


THE ELEMENTARY SERIES 
is intended as an aid in broadening the view of the Bible as a whole, 
and as an introduction to the study of particular books. 

THE SECONDARY SERIES 
has for its object a closer acquaintance both with the biblical material 
and with religious concepts. 


THE ADVANCED SERIES 


has been planned with a view to promoting a more minute examination 
of the historical data, and naturally invites a discussion of current 
religious problems and the various attempts at their solution. 


| 


THE UNIVERSITY OF CHICAGO PRESS 


CONSTRUCTIVE BIBLE STUDIES 


A SERIES OF TEXTBOOKS FOR THE GRADED SUNDAY SCHOOL 


CURRICULUM FOR 1905-6 


FOR THE KINDERGARTEN DIVISION 
One Year of Sunday-School Lessons, By FLORENCE U. PALMER. Postpaid, $1.00. 


FOR THE ELEMENTARY DIVISION 
BEGINNING GRADES (AGES 6-8) 
Manual for Teachers, with Lessons, Music, and Manual Work. By Georcia L. CHam- 
BERLIN and Mary Root Kern. (To be published in 1906.) 
ADVANCED GRADES (AGES 9—11) 


An Introduction to the Bible for Teachers of Children. By GrorGia L. CHAMBERLIN. 


Postpaid, $1.00. 
FOR THE SECONDARY DIVISION 


BEGINNING GRADES (AGES 12-13) 
Studies in the Gospel according to Mark. By Ernest DeWitr Burton. Postpaid, $1.00. 


INTERMEDIATE GRADES (AGES 14~15) 
Samuel. By Herpert L. (To be published in 1906.) 
ADVANCED GRADES (AGES 16-17) 
The Life of Christ. By Ernest DeWitt BurtON and SHAILER MATHEWS. Postpaid, 
$1.00. 
The Apostolic Age. By Grorce H. Gitsert. (To be published in 1906.) 


FOR THE ADULT DIVISION 


The Priestly Element in the Old Testament. By WILLIAM R. HARPER. Postpaid, $1.00. 
The Prophetic Element in the Old Testament. By WILLIAM R. HARPER. Postpaid, $1.00. 
A Short Introduction to the Gospels. By ERNest DeWitt Burton. Postpaid, $1.00. 
A Handbook of the Life of the Apostle Paul. By Ernest DeWitt Burton. Paper. 
Postpaid, 50 cents. 
FOR THE HOME DIVISION AND BIBLE CLUBS 
OUTLINE BIBLE STUDY COURSES 

The Foreshadowings of the Christ. By WiLLIAM R. Harper. Paper. 50 cents. 

The Life of the Christ. By Ernest DeWitt Burton. Paper. 50 cents. 

The Founding of the Christian Church. By Ernest DeWitt Burton. Paper. 50 cents. 
The Social and Ethical Teachings of Jesus. By SHAILER MATHEWS. Paper. 50 cents. 
The Work of the Old Testament Priests. By WiLt1amM R. Harper. Paper. 50 cents. 
The Work of the Old Testament Sages. By WiLLiam R. Harper. Paper. 50 cents. 


HELPS FOR SUPERINTENDENTS AND TEACHERS 


Principles and Ideals for the Sunday School. By Ernest DeWitt Burton and SHAILER 
MaATHEws. Postpaid, $1.11. 


An Outline of a Bible-School Curriculum. By Grorce W. Pease. Postpaid, $1.63. 
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Studies in General Physiology 


By JACQUES LOEB 
Professor of Physiology in the University of California 

these two volumes Professor Loeb has collected the results of his experi- 

ments with life-phenomena, and has presented them in logical sequence. 
Great interest also attaches to the books because they recount the preliminary 
steps which have led to the wonderful results lately attained by Professor Loeb 
in his attempts to fertilize ove in an artificial way (parthenogenesis). The 
volumes contain numerous diagrams and other illustrations. 


“No student of physiology will feel his opportunities complete or his library satisfactory 
without these two volumes.” —Chicago Medical Recorder. 


In two volumes, royal 8vo, silk; net $7.50, postpaid $7.91 


Light Waves and Their Uses 


By ALBERT A. MICHELSON 


Professor and Head of the Department of Physics in the University of Chicago 


lectures, delivered at the Lowell Institute, proved so popular and 


interesting that there was a widespread demand for them in book form, 
This volume will be found of great practical value, not only by all students of 
optics and general physics, but also by those who have to solve engineering 0, 
mechanical problems that call for extreme accuracy. Numerous practical appli_ 
cations of recent theories, together with accurate illustrations and descriptions 0 
apparatus, add materially to the value of the book. There are 108 cuts and* 
three colored lithograph plates. 

“Professor Michelson has succeeded in putting the important consequences of his own 


inimitable work in a manner which will render them known to many who could hardly be 
expected to follow the original papers.’’— Nature. 


174 pp., 8vo, cloth; net $2.00, postpaid $2.13 


Physical Chemistry in the Service 
of the Sciences 


By JACOBUS H. VAN’T HOFF 
Member of the Prussian Academy of Sciences, Professor Honorarius in the University of Berlin 
Being course of lectures delivered by Professor Jacobus H. Van’t Hoff at the 
University of Chicago has been carefully edited by Professor Alexander 
Smith, and is now available in book form. The lectures are arranged under the 
following heads: Introductory, Physical Chemistry and Pure Chemistry, Physi- 
cal Chemistry and Industrial Chemistry, Physical Chemistry and Physiology, 
Physical Chemistry and Geology. 


144 pp., 8vo, cloth; net $1.50, postpaid $1.62 
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FHE UNIVERSITY OF CHICAGO PRESS 


HE UNIVERSITY OF CHICAGO PRESS announces the addition to its 
list of periodical publications of two new new journals, devoted to the 
interests of the Ancient Classics, viz: 


CLASSICAL PHILOLOGY 


Under the editorial direction of the Classical Department of the University of Chicago, 
with the co-operation of a number of representative scholars of other institutions; PRo- 
FESSOR EDWARD Capps, of the University of Chicago, Managing Editor. 


Classical Philology is established in the conviction that classical studies in 
America has so developed during the last quarter of a century as to demand an 
additional medium of publication, and that the establishment of such a journal 
will not only meet this need, but will also foster and encourage research, and 
materially help to raise the level of classical studies in this country. The 
journal will be devoted to investigations in the languages, literatures, history, 
and life of Classical Antiquities, and to reviews of current publications in 
these fields. It will be issued quarterly, in January, April, July, and October. 
The first number will appear about January I, 1906. The first volume will 
contain about 380 pages. 

Subscription price, $3.00 a year; single copies, $1.00; foreign subscriptions, 
$3.50. 


THE CLASSICAL JOURNAL 


Published under the auspices of the Classical Association of the Middle West and South, 
and edited by a Board appointed by the Association; PROFESSOR ARTHUR FAIRBANKS, 
of the University of Iowa, and PkOFESSOR GORDON J. LAING, of the University of 
Chicago, Managing Editors. 


The Classical Journal is devoted especially to the interests of teachers of 
Greek and Latin, as teachers, whether in school or in college work. It will con- 
tain articles, editorials, discussions and reviews. This medium of professional 
communication for all active students and teachers of the Classics will prove, it is 
believed, a most useful and effective instrument for the improvement of instruc- 
tion and for the spread of intelligent interest in these subjects, and that through 
its influence a marked improvement in the standing of the Classics in this 
country may be confidently expected. 

The Classical Journal will be issued eight times a year, the first number to 
appear about December 1, 1905. Each number will contain at least thirty-two 
pages. 

Subscription price, $2.00 a year; single copies, 30 cents; foreign subscrip- 
tions, $2.25. 
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PERIODICALS vue university oF cutcaco press 


THE BIBLICAL WORLD 


Edited by President WILLIAM R. HARPER. A popular illustrated monthly magazine. Subscription 
price, $2.00 a year; single copies, 25c. Foreign postage, 75c. 


THE SCHOOL REVIEW 
Edited by GeorGe H. Locke. Published monthly, except in July and August. Subscription 
price, $1.50 a year; single copies, 20c. Foreign postage, 50. 


THE ELEMENTARY SCHOOL TEACHER 


Edited by WILBUR S. JACKMAN and BERTHA PAYNE. Published monthly, except in July and Aug- 
ust, with illustrations. Subscription price, $1.50 a year; single copies, 20c. Foreign postage, 50c. 


THE BOTANICAL GAZETTE 
Edited by JoHN M. COULTER and CHARLES R. BARNES. Published monthly, with illustrations. 
Subscription price, $5.00 a year; single copies, 50c. Foreign postage, 75c. 


THE AMERICAN JOURNAL OF SOCIOLOGY 
Edited by ALBION W. SMALL. Published bi-monthly, Subscription price, $2.00 a year; single 
copies, 50c. Foreign postage, 50c. 


THE JOURNAL OF GEOLOGY 
Edited by THoMAS C. CHAMBERLIN. Published semi-quarterly, with illustrations. Subscription 
price, $3.00 a year; single copies, 50c. Foreign postage; 75 cents. 


THE ASTROPHYSICAL JOURNAL 


Edited by GEoRGE E. HALE and EpwIN B. Frost. Published monthly, except in February and 
August, with illustrations. Subscription price, $4.00 a year; single copies, 50c. Foreign postage, 75c. 


THE JOURNAL OF POLITICAL ECONOMY 
Edited by J. LAURENCE LAUGHLIN. Published quarterly. Subscription price, $3.00 a year; single 
copies, $1.00. Foreign postage, 50c. 


THE AMERICAN JOURNAL OF THEOLOGY 
Edited by the Diviaity Faculty of the University of Chicago. Published quarterly. Subscription 
price, $3.00 a year; single copies, $1.00. Foreign postage, 50c. 


THE AMERICAN JOURNAL OF SEMITIC LANGUAGES 
AND LITERATURES 


Edited by President WILLIAM R. HARPER and ROBERT F. HARPER. Published quarterly. Sub- 
scription price, $4.00; single copies, $1.25. Foreign postage, 2Sc. 


THE UNIVERSITY RECORD 
Edited by the Recorder of the University. Published quarterly. Subscription price, $1.00; single 
copies, 25c. Foreign postage, 25c. 


THE CLASSICAL JOURNAL 


ARTHUR FAIRBANKS and GORDON J. LAING, Managing Editors. Published eight times a year 
under the auspices of the Classical Association of the Middle West and South. Subscription price, 


$2.00 a year; single copies, 30c. Foreign postage, 25c. 


CLASSICAL PHILOLOGY 
EDWARD Capps, Managing Editor. Published quarterly. Subscription price, $3.00 a year; single 
copies, $1.00. Foreign postage, 50c. 


MODERN PHILOLOGY 
PHILIP S. ALLEN, Managing Editor. Published quarterly. Subscription price, $3.00 a year; 
single copies, $1.00. Foreign postage, 50c. A 


| 
} 
| 
| 
| 
| 


we 


Read History in the Lives of the Men who Made It 


A Hall of Fame in Your own Home 


MAKERS Ot 
AMERICAN 
HISTORY 


Wee 


20 BEAUTIFUL VOLUMES. 41 COMPLETE BIOGRAPHIES 


merican Heroes and Patriots 


By J. S. C. Abbott, General Wilson, Fitzhugh Lee, Captain Mahan, J. T. Headley, 
Professor Sumner, Jared Sparks, and other famous writers 

HIS set of books will introduce to you the Heroes and Patriots of American History. Each 

biography is a story in itself—written in that easy narrative style which appeals to readers of 

all ages—yet the series as a whole presents a complete picture of American history from Colum- 

bus down through the Civil War. The busy man of to-day needs no fuller knowledge of American 

history than can be obtained from these interesting books, which read more like historical novels than 

ordinary biographies. Nowhere in fiction is the stirring lives and deeds of the great characters of 
American History equaled. 


Learn While You Read 


No home should be without a good library of biography. Biography is the most interesting and 
instructive of all reading. It gives history in its most palatable form— inspiration for young and old. 
This new library is the only work of its kind that covers the entire field and is at the same time of 
distinguished authorship. Every great American is written about. For an hour’s pleasant reading 
or for serious study no other work will compare with it. To read these volumes is to be grandly 
entertained, and at the same time to come into intimate contact with our great national heroes and 
patriots, whose lives illumine history. 

Read what a Chicago clergyman says: 

‘¢ It is very fascinating reading, and gives an American citizen a deeper appreciation of the sacritices that were 


made to found and frame this government. I deem these books especially valuable for young people. They give 
a vivid and lasting impression which is of great value in historical studies.."—-M. P. Boynton, D.D., Chicago. 


Closing-out Sale 


We are closing out this superb library at a very low price and on easy terms of payment. The regular price is $40, 
but while the few remaining sets last we offer them at $15.50, payable 5Qc on acceptance and $1.00 a month 
thereafter. This is about what it actually costs to print and bird them. The set consists of 20 volumes, 714 x 5 4 
inches, printed on fine paper, illustrated with portraits and bound in cloth buckram. It contains forty-one complete 


phies—in all 17,000 pages. COUPON 
EXAMINE IT FREE.— If the accompanying coupon is mailed | THE UNIVERSITY SOCIETY, 78 Fifth Avenue, New York 
tly. we will send you a complete set—2o beautiful volumes— for Please send me, id, for examination, a complete 


m 
five days’ examination, free of all charge. Note this offer. ty 

an orepey express charges, and if the books are not perfectly satis- | Month therea er for oy Bae By If not satisfactory, I 

ctory you are at liberty to return them at our expense. This sale | will notify you, so that you may arrange for its return at 
will not last long. Don’t overlook such an unusual bargain. Detach | no exp to me whatever. (VU. of C. 12-05) 
and mail the coupon—ow—before you forget it. The first payment 
need not be made until after Christmas. 


THE UNIVERSITY SOCIETY fifth Ayenue 
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E wish to direct the attention of 
W educators and students to the 
following list of our SPECIAL 
DEPARTMENTS. In addition to the 
development of our stock of regular and 
standard books (the largest in the coun- 
try) we have given much attention to 
the creation of these special departments, 
in charge of experts who know the sub- 
jects thoroughly. 


FIRST FLOOR 
SPECIAL BRANCHES 


An Admirable Representation on Artand Music. Classified Shelves of Volumes 
relating to Economics and Sociology, to Political Economy, to Philosophy, 
Psychology and Ethics, to Agriculture and similar interests, to Domestic 
Science (Cook Books, etc. ), to Athletics, Sports, and Games, to Nature Study. 


RARE AND FINE IMPORTED BOOKS 


Probably the most famous collection in this country, and the Mecca of 
bibliophiles. 


FOREIGN BOOKS 


A Complete French Book Department with a few of the best in Italian and 
Spanish. 


SECOND FLOOR 
Theological and Devotional Works 
Scientific, Technical, and Medical Books 
School Books and Supplies for all Schools, Colleges and 


Universities 
Low Priced Stationery by the Pound or in Boxes 


Office Stationery and Supplies 
Popular Priced Editions of Standard Works, Classics, etc. 


Books at Reduced Prices, Special Lots 


A. C. MCCLURG & CO. 


215-221 Wabash Avenue, Chicago 
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Reading Matter and Thinking 
Matter 


In these days of wood pulp paper and 
rapid printing any one can get all the read- 
ing matter he wants at any price he is will- 


_ some big advertisement and a lot of sub- 


scribers. But as a matter of fact the sub- 


_ scribers we have now are used to having 


ing to pay, but to insure thruout the year | 


a supply of nutritious food for thought at 
frequent and regular intervals requires 
some care. You cannot keep yourself in 


touch with current events from the month- { 


lies and quarterlies alone, for what they 
publish has to be written months before. 
Dailies print too much about some things, 
and too little about others. What you need 
for the formation of opinion is THE INDE- 
PENDENT, which will give you every week 
an impartial narration of current events, a 
half-dozen or more original articles by com- 
petent authorities, critical reviews of all 
the important new books, and fearless edi- 
torial discussion of vital questions. 

The principal thing pub- 
lished in THE INDEPEN- 
DENT is a continued story 
that has no end, the record of the world’s 
doings. ‘The plot of this story, if it has 
one, is not known to any human being. 
Some periodicals offer prizes of ten or 
twenty-five dollars to their readers who 
can guess the contents of future chapters 
of their continued stories. We are willing 
to follow their example, and give ten 
thousand dollars to any one who will write 
for us now, with satisfactory accuracy, the 
instalment of the “Survey of the World” 
which we shall publish a year from date. 
There are a billion and a half characters in 
this story, any one of whom may come to 
the front and play a prominent part at any 
time. There will be more cabinet ministers 
in this story of ours than in Mrs. Humphry 
Ward’s stories, more mysteries than in 
Conan Doyle’s, more fighting than in Sien- 
kiewicz’s, more inexplicable psychology 
than in Henry James’s, more startling 
changes of fortune than in Anthony Hope’s. 

It is not the organ of 

any party, sect, trust 

or individual. The 
editorial rooms are just as completely sepa- 
rated from the publishing department as 
is possible. When the editorial conference 
decides that a certain policy is right, that 
settles it, even tho it may mean the loss of 


Our Continued 
Story 


“The Independent”’ 
Is Independent 


their cherished views attacked occasionally 
by some plain spoken editorial, and really 
prefer reading a magazine which has de- 
cided views to those periodicals of a neutral 
tint, which a subscriber may read for years 
without finding in them anything he does 
not agree with and did not know before. 
The Best ana eekly periodicals are at a 
the Cheapest disadvantage compared with 
monthly, because they are 
not so imposing and their coming is not so 
infrequent as to seem an important event. 
But if you will take the trouble to strip off 
the advertisements and compare the four or 
five numbers of THr INDEPENDENT with the 
single number of a monthly, you will see 
how much more we give for the money 
than the other publishers. Last year we 
published 3,042 pages ofreading matter, not 
counting the advertisements, altho there 
was some good reading inthem, too. The 
dollar monthly magazines contain only a 
little more than one-third of that, and the 
four dollar magazines less than two-thirds. 
So much for quantity. As for quality, 
compare our list of contributors with that of 
any other periodical. THE INDEPENDENT 
will not suffer by the comparison, whether 
you count or weigh the names. At $2 a 
year THE INDEPENDENT is cheaper now than 
any other periodical of like standing, but 
in order to get early subscriptions, we will 
send it free to the end of this year to all 
new subscribers ; that is, if you send us $2 
now we will credit you with a paid up sub- 
scription to January 1st,1907. If you have 
not seen it recently buy a copy and get ac- 
quainted with the zew INDEPENDENT. If 
you do not want to risk ten cents we will 
send you a sample copy free. 
Instead of attempting to force 
you to take periodicals youdo 
not want in order to get one 
that you do, we make the following general 
clubbing offers: If you will make out your 
own list of the periodicals you want to take 
and send it to us, we will give you the low- 
est possible terms on the group. Or, we 
will duplicate any clubbing offer, including 
THE INDEPENDENT, made by any reputable 
subscription agency. Address THE INDE- 
PENDENT, 130 Fulton Street, New York. 


With Other 
Magazines 


» 
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Fr. Klingelfuss & Co., Basle (Switzerland) 


Inductorium, patented by Klingelfuss. 
120 cm, spark-length, Constructed for the Astrophysical Observatory at Potsdam. 


I d t 2 Cc 2 l For Spark-Lengths of from ro to 150 Centimeters, with Spiral Echelon 
ni uc 10 n 01 S Winding Klingelfuss System. U.S. Patent No. 755229 (March 22, 1904). 


Acknowledged to be superior to any other Inductorium in the market. Illustrated Price List free on request. 


The ‘Physical Review 


cA JOURNAL OF EXPERIMENTAL AND 
THEORETICAL PHYSICS 


CAAMERICAN PHYSICAL SOCIETY 


BY 
EDWARD L. SHUICHOLS, ERNEST MERRITT and FREDERICK BEDELL 


Published Monthly Annual Subscription, Five Dollars 
Sample copy upon request 


THE MACMILLAN COMPANY 


66 Fifth Avenue, NEW YORK 
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Conducted with the co-operation of the 
F 


THE PERRY MAGAZINE Teach the Christmas 
Story with These 
Pictures 


A Beautiful Gift Book, 
The Story of the Christ. 


Beautifully Illustrated Just Published, 100 full page 
Pictures. 


It makes a Choice Christmas 
Gift and wil] remind your 
friend of you ten times 
during the year 


Monthly, except July and 
August. $1.00 per year, The story in Bible language. 
Intended especially for 
children and young people, 


Send 25 cents for Art Book- _ but suitable for all. 
let, Madonnas, or 


Scenes in the Life of Christ, 
Booklet **Children,”’ 


Size, 7x94. About 230 pages, 
Price, $1.50, postpaid. 


FOR CHRISTMAS GIFTS 
ThePerry Pictures 


Awarded Four Gold Medals 


ONE CENT EACH 
for 25 or more 


120 FOR $1.00 
Send so cents for 50 Art Subjects, 
so Madonnas, etc.; so Life of 
Christ, etc.; or 50 for Children, or 
25 cents for any 25. 
OR $1.00 

For Christmas Set of 120 choice 
pictures, or four 25 cent sets and 
20 pictures. Catalogue of 1000 
tiny pictures for 2c. stamp in 


December. @rder to=day. 
THE PERRY PICTURES (0. 


or Art Booklet, ‘*Cats,” 


Order to-day. 


Box 501, Malden, Mass. 


THE WESTON STANDARD 


Lectures on the Calculus of 


Voltmeters 


Variations 
—AND— ar 


Ammeters CS : By OSKAR BOLZA, Ph.D. 


Of the Department of Mathematics in the 


Portable niversity of Chicago 
Accurate 
Reliable and $4.00, net; $4.16, postpaid 

Sensitive 


WESTON ELECTRICAL INSTRUMENT CO, 
Main Office & Wurks: 
Waverly Park, NEWARK, N., J. 


LONDON BRANCH: Audrey House, Ely Place, Holborn. 

PARIS, FRANCE: E. H. Cadiot, 12 Rue St. Georges. 

BERLIN: European Weston Electrical Instr. Co., No. 88 Ritterstrasse. 
NEW YORK CITY: 74 Cortlandt St. 


THE POPULAR SCIENCE MONTHLY 


Edited by PROFESSOR J. McCKEEN CATTELL 


The University of Chicago Press 
CHICAGO and 156 Fifth Avenue NEW YORK 


WITH THE CO-OPERATION OF THE LEADING AMERICAN MEN OF SCIENCE 


For more than thirty years THE PopULAR SCIENCE MONTHLY has been the standard scientific 
magazine of the world. It should be found in every library, in the hands of scientific men, in the 
offices of physicians and other professional men and indeed in every home of intelligent and . 
cultivated people. The publishers do not need to insist on the merits of the journal for these are 
acknowledged by all who are competent to judge. The following may be quoted as typical opinions: 


“* Especially important in free public libraries.’’—J. S, Br-tincs, Director of the Consolidated Libraries, New York City. 
** Of great utility.”"—S. P. Lancugy, Director of the Smithsonian Institution. 


u 2. — vaJuable in keeping busy men abreast of the more important advances of science,”"—A. W. GREELY, General, 


“The newest and best that can be saidon any subject.”"—Wituis L. Moore, Chief of the U. S. Weather Bureau, 
**It has done more for the diffusion of scientific information in this country, during the past twenty-five years than any 
other one agency.”"—GoKGE M. STERNBERG, Surgeon General, U. S. A. 

‘The most instructive and most enjoyable scientific journal which I have seen anywhere, here or abroad.”—Huco 
MinstTersErc, Professor of Psychology, Harvard University. 

**T refer to it so constantly that we shall soon need a new set.””—E, A, STRONG, Professor of Physics and Chemistry, 
State Normal College, Ypsilanti, Mich. 

**It has had few rivals and no equal in the educative service it has done for the American people. A complete set of 
the volumes thus far published is both a history of science for the period covered and at the same time a pretty out. 
epg of natural science. There is nothing to fill its place, and to carry it on is a benefaction to the public.”"—W. T, 

Aakris, U. S. Commissioner of Education. 


$3.00 PER YEAR 


00 PER YEAR copy JHE SGIENGE PRESS, sus-staTion 84, NEW YORK CITY 


THE POPULAR SCIENCE MONTHLY will be sent for SIX MONTHS for ONE DOLLAR to new subscribers mentioning The University of Chicago Press 
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_ STRENGTH OF 


The First Gleam of Sunshine 


to brighten thousands of homes has been a Life 
Insurance Policy in The Prudential. Are you willing 
to look around the bountiful Christmas table and 
know that you haven’t saved a cent against the day 
when your family may be sitting there without you? 
Now is the time to act. Secure a Prudential 
policy and hand it to the wife and family at Christ- 
mas dinner. It will be the best Christmas you have 
ever enjoyed. 
Write for Plans and Payments today, to Dept. 25 


THE PRUDENTIAL 


Insurance Company of America 


INCORPORATED AS A STOCK COMPANY BY THE STATE OF NEW JERSEY 
JOHN F, DRYDEN, Prest. Home Office, NEWARK, N. J. 
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NERVOUS DISORDERS 


The nerves need a constant supply of 
phosphates to keep them steady and 
strong. A deficiency of the phosphates 
causes a lowering of nervous tone, indi- 
cated by exhaustion, restlessness, head- 
ache or insomnia, 


Horsford’s 
Acid Phosphate 


(Non- Alcoholic.) 


furnishes the phosphates in a pure and 
abundant form. It supplies the nerve 
cells with health-giving life force, repairs 
waste, restores the strength and induces 
restful sleep without the use of danger- 
ous drugs. An Ideal Tonic in Nervous 
Diseases. 

If your druggist can’t supply you we will send a 


trial size bottle, prepaid, on receipt of 25 cents. 
Rumford Chemical Works, Providence, R. I. 


ozodont 
Tooth Powder 


a delicious dentifrice. Free 
from acid and grit. Just the 
thing for those who have an 
inclination for the niceties of 
every-day life. 


FOR SALE EVERYWHERE 


BORATED TACCUM 


When the Snow Flies 


a biting, frosty air roughens the skin, use Mennen’s —it keeps 
© skin just right, A positive relief fur chapped hands, 
chafing ani all skin troubles, Mennen’s face on every 
x—be sure that you get the genuine, For sale everywhere or 
by mail, Sample free. Zry Mennen’s Violet Taicum. 


GERHARD MENNEN CO., Newark, N. J. 


Its presence 
lends Distinction 


tothe MusicRoom 


THE 


Small Grand | 


Combines the famous “Fischer Tone Quality "’ with great 
Durability and Elegance of case-design, while occupying 
but little more space than the Upright. 


Catalogue and Terms upon Request. 


C. FISCHER, Dept. Q 


164 Fifth Ave., near 22d St., and 
G68 West 125th St., New York 


: 
TOILET POWDER q 
|, 


that Daus’ “Tip-Top” 
TO PROVE 

simplest, and cheapest 
device for making 
100 copies from Pen-written and 
50 copies from Typewritten original 
we are willing to send a complete DUPLICATOR without deposit on 
ten days’ trial. 


No mechanism to get out of order, no washing, no press, no printer's 
ink, The product of 23 years’ experience in DUPLICATORS. Price 
for complete apparatus, cap size (prints 8% in. by 13 in.). $7.50, subject 
to the trade discount of 33% per cent. $5. oo net. 


FELIX P, B. DAUS DUPLICATOR COo., Daus Bidg., 111 John Street, New York 


Mothers! 
Samples and Prices from U.S. Sole 
Mothers!! 


PERRY & CO. 


349 Broadway, New York. Mothers!!! 
Mrs. Winslow's Soothing Syrup 


has been used for over SIXTY YEARS by MII- 


The Prospects of ||| 
NS the G 
the Small College cote an 


is the best remedy for DIARRHGA. Sold by 
Druggists in every part of the world. Be sure 

By Wiuiam R. Harrer and ask for “‘Mrs. Winslow’s Soothing Syrup,” 
President of the University of Chicago andtake noother kind. Twenty-fivects. a bottle. 


12mMo, paper; postpaid, 25 cents 


The University of Chicago Press IF YOU ARE INCLINED TO ACT AS AGENT FOR 

ANY OF OUR PERIODICALS WE SHALL BE GLAD 
Avene TO OFFER YOU VERY ADVANTAGEOUS TERMS 
A Complete Catalogue of Publications Sent on Request THE UNIVERSITY OF GHIGAGO PRESS, Chicago, Minois 


We want and Physical Directors, and Teachers to combine athletic work with other branches, for 
recommend Athletic Coaches, high-grade positions. Have filled vacancies in University of Wisconsin, Purdue, 
Pratt Institute, high schools, etc., and can assist you. REGISTER NOW, FREE. 


212 South Second Street, 


The Physical Training Teachers’ Bureau, *’rockrorp, 


What Is Daus Tip- Top? 
— 
sve 
STEEL PENS —THING | | 
| 
| 


CRAND PRIZE 


(the highest honor) 


AWARDED TO 


Steel Pens 


AT THE 


St. Louis Exposition 


N YOU ASK FOR 


THE IMPROVED 


WHE 


REFUSE ALL 
SUBSTITUTES AND 
INSIST ON HAVING 

THE GENUINE 


“SMG The Name is 


on every 
The 


CUSHION 
BUTTON 


CLASP 


LIES FLAT TO THE LEG—NEVER 
SLIPS, TEARS NOR UNFASTENS 
oe Sample pair, Silk 50c., Cotton 25c. 
Mailed on receipt of price. 


GEO. FROST CO., Makers 
; Boston, Mass., U.S.A. 


ALWAYS EASY 


\ 


CHAIN of testimonials from dentists in 
practice attests the unequalled excel- 
lence of Dentacura Tooth Paste. It 

cleans the teeth, destroys bacteria, prevents 

decay. It is applied to the brush without the 
waste attending the use of powder. That you 
may know by experience its value we will 
send you freg a sample tube of Dentacura and 
our booklet, ‘‘ Taking Care of the Teeth.”’ 

Write at once. Offerexpirec January st, 

’c6, Dentacura may be had at most toilet 

counters, Price 25c. If your dealer does not 

have it we will send it on receipt of price. 

DENTACURA COMPANY, 166 ALLING ST., NEWARK, N. J. 


*“*The anti-friction sliding 
back, which is a part of the 
suspender web. 

Will not wear out and allows 
free side motion. 

Easiest adjustable buckle 
made. Will not tear the 
garments, Will not corrode. 

Lays flat, does not twist out 
of position. 

Does not bind the shoulders 
and will out-wear two or 
three pairs of any other 


make. Ask for your correct size, as we 

make the suspender in four 

sizes, 

If your dealer does not 
carry the ‘Gordon’ in 
his stock, send us 50c 
for a trial pair. 

Take no substitute.’’ 

GORDON MFG. CO., 


New Rochelle, N. Y. 
Owner and Wholesaler 


INVISIBLE 
SLIOING 
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WIBSTE 
RS 


©THE BEST CHRISTMAS GIFT 


Useful, Reliable, Attractive, Lasting,Up to Dateand 
Authoritative. No other gift will so often be a re- 
minder ofthe giver. 2380 pages, 5000 illustrations. 
Recently enlarged with 25,000 new words, a new 
Gazetteer, and new Biographical Dictionary, edited 
by W.T. Harris, Ph.D., LL.D., U. 8. Com. of Edu’n, 
Grand Prize, World’s Fair, St. Louis. Get the Best. 


Webster's Coilegiate Dictionary. Largest of our abridgments. Reg- 
ular and Thin l’aper editions. 1116 pasres and 1400 illustrations. 


Write for “‘ The Story of a Book ”—Free. 
G. & C. MERRIAM CO., Springfield, Mass. 


STUDENTS’ 
NOTE BOOKS 


Stiff Board Covers, Marble Paper Sides, 
Sectional Sewed, Sixty Leaves, 
Ruled or Unruled 


1085—5 x 8 , Open End, each, 20c. 
1087 —54x 7%, Open Side, each, 20c. 
1090—7 x 8%, Open Side, each, 25c. 
1092 —7x104, Open Side, each, 30c. 


Write for Special Discount in 
Quantities 


S.D.CHILDS & CO. 


WHOLESALE ano RETAIL STATIONERS 
200 CLARK STREET CHICAGO 


ATLANTIC 
CITY 


The Resort of HEALTH, 
PLEASURE and FASHION 


THREE Hours 
From NEW YORK via 


New JERSEY 
CENTRAL 


Luxurious Equipment — Fast Service 


Cc. M. BURT 
General Passenger Agent 
New York 


Stations 
Foot Liberty Street, N.R. 
and West 23d St. 


The University of Chicago Press 


Educational and Scientific works printed 

in English, German, French, and all other 

modern languages. 

Address s8th St. and Ellis Ave., Chicago 


STEEL PENS. 


T*e STANDARD AMERICAN BRAND 


FOR OVER FIFTY YEARS 
Have been subjected to the test 
of years and are recognized for 
all purposes 7he Lest. 


SPENCERIAN PEN CO. 
349 Broadway, New York. 


WEBSTER’S - 
INTERNATIONAL 
@ RDICTIONARY | 
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iad you are having any trouble with the finish 

on your floors, or are not entirely pleased 
with their appearance, it is certain you have not 
used LIQUID GRANITE, the finest floor finish 
ever introduced. 

It makes a finish so tough that, although the 
wood will dent under a blow, the finish will not 
crack or turn white. This is the highest achieve- 
ment yet attained in a Floor Finish, and is not 
likely to be improved upon. 

Finished samples of wood and instructive 
pamphlet on the care of natural wood floors sent 
free for the asking. 


BERRY BROTHERS, Limited, 
Varnish Manufacturers, 


NEW YORK PHILADELPHIA CHICAGO ST. LOUIS 
BOSTON BALTIMORE CINCINNATI SAN FRANCISCO 


Factory and Main Office, DETROIT. 
Canadian Factory, WALKERVILLE, ONTARIO 


Remington Typewriter 


{1 Every model of the Remington Type- 
writer has been a success. There 
never was a Remington failure. 


{The New Models represent the sum 
and the substance of a// Remington 
success—plus 30 years of experience 
in typewriter building. 
We will be glad to have you cali at any of our 
offices and see the new models or send for 


illustrated booklet describing the 
new features, 


Remington Typewriter Gompany 


Through Pullman 
Service 
to Virginia 


Big Four C. & O. Route 
Leaves Chicago 1:00 p. m. daily. 
“ONLY ONE NIGHT OUT.’’ 
All Meals in Dining Cars 


All Big Four Trains stop at Illinois 
Central 63d St. Station, Chicago, 
within a few minutes’ walk of the 
University of Chicago. 


Only Railroad from Chicago and Peoria con- 
necting in same depot at Cincinnati with 
trains of the 


C. & 0., 0. & C., L.& N. and B. & 0. S. W. Railways 


Chicago City Ticket Office 


238 Clark Street *Phone Harrison 4620 
I. P. SPINING, General Northern Agent 


has been the aim 
of the makers of 


‘DIXON’S 


American Graphite 


PENCILS 


Whatever desired—required, there’s 
a Dixon Pencil to suit. Not a poor 
Y point abouta Dixon. Never gritty— 

never greasy. Always smooth, clear, 
tough. Sold by dealers everywhere, Write 
for free booklet 


JOSEPH DIXON CRUCIBLE CO., Jersey City, N. J. 


Pun, 
New 
t 
BRANCHES EVERYWHERE 
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Adds tastiness to food, encourages the appetite, and 
promotes digestion. But be sure it’s MclIlhenny’s, 
the original, in use half a century. A stimulating 
seasoning for Soups, Sauces, Salads, Gravies, 
Oysters, Clams, Fish, Roasts, etc. 


McILHENNY’S TABASCO. New Iberia, Louisiana. 


The 20th 
Century Piano 


Any piece of music sounds better ona 


STROHBER PIANO 


Price and Terms are better too 


Direct ‘from the Manufacturers 


STROHBER PIANO CoO.,Chicago 


Booklet of Recipes on request. 


(STYLE R) 


(only five feet long and four feet three inches wide) makes a Grand Piano 
possible where formerly an Upright only could be considered. Its attrac- 
tive appearance and great portability make their own appeal, and the 
price, too, for it is less than that of the largest Upright. A paper chart, 
showing the exact space it occupies, will be sent gratis upon application. 


Chickering Pianos are made only by Chickering 
& Sons, Boston, and are sold in Chicago only by 


CLAYTON F.SUMMY CO. 


220 Wabash Avenue 


CHICKERING, KURTZMANN, MATHUSHEK AND GABLER PIANOS 
We Sell All Pianos at Definite Prices 


Publishers and Importers of Music Dealers in Music of the Better Class 
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Follow 
the Flag’’ 


Pullman Sleepers 


AND 


Free Chair Cars 


Chicago to 


PITTSBURG 


VIA THE 


WABASH 


CRANE, 6.P.&T.A.  F.A. PALMER, A.6.P.A. 


ST. LOUIS 


CHICAGO 


When you were engaged 


THE YOUNG LADY RECEIVED A BOX OF 


ALMOST DAILY - 


HOW OFTEN DOES 
YOUR WIFE NOW RECEIVE 
A BOX OF THESE 
DELICIOUS CONFECTIONS ? 
REPENT - AND MAIL YOUR 

ORDERS, AT SHORT INTERVALS, TO 


’ 863 EROADWAY 
—J— 508 FIFTH Avenue! NEW YORK 


SEVENTEEN OTHER STORES & SALESAGENTS EVERYWHERE. 
CANDIES SENT ANYWHERE BY MAIL & EXPRESS. 


ONLY DIRECT ALL-WATER ROUTE 
BETWEEN 


NEW YORK, 
BOSTON and CHARLESTON, S. C. 
JACKSONVILLE, FLA. 


m, St. Johns River Service between Jacksonville, Palatka, 
De Land, Sanford, Enterprise, Fla., and 
Intermediate Landings 


The ‘Clyde Line” is the favorite route between New 
York, Boston, PHILADELPHIA, and EAsTERN PoinTs, 
and CuHarteston, S. C., and JACKSONVILLE, 
Fia., making direct connection for all points 
South and Southwest 

Fast Modern Steamships and Superior Service 
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Colorado 


Winter 
Resort 
that 
Fortifies 
and 


Up-builds 


A winter resort not at all 
like the old ones you have 
previously visited with in- 
creased temporary comfort 
but no permanent better- 
ment! No, not like those! 
But a winter resort which, 
by deluging you with bright 
sunshine and dry air, keeps 
you so constantly astir that 
at the end of two or three 
weeks you have increased in 
weight, increased in strength, 
increased in chest measure- 
ment—increased in the 
things that govern health and 
business capacity. 


The argument is elaborated to include proofs and 
details in a new folder which you may obtain without 


cost by writing P. S. Eustis, 143 “Q” Building, 


Chicago. 


THE CHICAGO & ALTON 
runs the largest passenger engines 
in the world 
They keep the trains on time 

Between Chicago, 
St. Louis, 
Kansas City and 
Peoria 


Geo. J. CHARLTON, General Passenger Agent 
CHICAGO, ILL. 


CONTRIBUTIONS 
TO EDUCATION 


By JOHN DEWEY and ELLA FLAGG YOUNG 


N this series a union is effected between educational 
theories and actual practice. The fundamental 
principles of modern psychology are strictly ap- 

lied to the educational situation, and there is a grati- 
cies absence of vague and abstract theorizing. 


I. Isolation in the School. By ELLA FLAGG 
YOUNG. 112 pp., I2mo, paper; net, 50 
cents; postpaid, 54 cents. 

II. Psychology and Social Practice. By JOHN 
DEWEY. 42 pp., I2mo, paper; net, 25 
cents; postpaid, 27 cents. 

III. The Educational Situation. By JOHN 
DEWEY. 104 pp., I2mo, paper; net, 50 
cents; postpaid, 53 cents. 

IV. Ethics in the School. By ELLA FLAGG 
YOUNG. 44 pp., I2mo, paper; net, 25 
cents; postpaid, 27 cents. 

V. The Child and the Curriculum. By JOHN 
DEWEY. 40 pp., I2mo, paper; net, 25 
cents; postpaid, 27 cents. 

VI. Some Types of Modern Educational Theory. 
By ELLA FLAGG YOUNG. 70 pp., I2mo, 
paper; net, 25 cents; postpaid, 28 cents. 


The Series, in Paper, Six Numbers; net, $1.50; postpaid, $1.63 


The University of Chicago Press 
CHICAGO and 156 Fifth Avenue NEW YORK 


Let us prove 
what we claim 
at our expense 


There is only one way to prove any- 
thing about a typewriter, and that is 
an actual test of the machine itself i” 
your own office. 


That is what we want every possible 
purchaser of a Fox Typewriter to do 
before he buys. 


When we say the Fox Typewriter can 
be operated with from 25 to 100 per 
cent. less energy than any other type- 
writer, it doesn’t mean anything to you 
unless we can show by this saving that 
it will enable you to reduce the cost of 
typewriting in your office, give you a 
better grade of work and save you a vast 
amount of worry about repairs. When 
we show you ¢hat, you are interested. 


We have proved this to some of the 
most discriminating buyers in the coun- 
try. Seventy-five per cent. of our sales 
are made under just such circumstances. 


If we can prove it to you, you want 
our machine. 

Remember we /rove ‘his al our ex- 
pense. All you have to do is say you 
are interested, no matter where you are. 


Write us today. 


Fox Typewriter Co. 


Executive Office and Factory 
560-570 Front St., GRAND RAPIDS, MICH. 


Branches and Agencies in Principal Cities, 


“ALTON ee 
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Your daily a rance improved, if the “GEM” is 
kept handy. Shaves stubborn beard close in from 
one to three minutes. Nocuts, Little Stropping. 


Durable, Clean, Safe, Comfortable. Finest Eng- 
lish Cutlery Steel Blades. Try the “GEM.” 


Send for interesting Free Booklet for shavers 
Razor complete - - $2.00 
Insist on the “‘Gem’’—at dealers or direct on receipt of price 
GEM CUTLERY CO., Dept, 24, 34 Reade St., New York 


A Short Cut 
to Comfort 


The “Long Distance’* HYLO 
(shown in the illustration) is 
just right for the man who 
reads in bed. | Cord snaps 
on like a glove 
fastener. ny- 
y can put it 
in place without 
tools, The porta- 
ble switch turns 
the light high or 
low or entirely 
out, Switch lasts 
indefinitely. On- 
ly the lamp needs 
to be replaced 
when burned out. 
Cords can be any 
length desired. 


Look for the 
name HYLO 
and refuse im- 


Twelve styles of HYLO ~ 
Send forCatalogueand booklet 
** How to Read Your Meter.”’ 


THE PHELPS COMPANY 


106 STATE STREET DETROIT, U.S.A. 


The series of 

LIFE MASKS 

taken by Dr. 

Finsch from 

living natives 

of OCEANIA 

and the MALAY 

ARCHIPELAGO, and 

faithfully COLORED 

AFTER NATURE, 

were pronounced by 

Virchow, Mantegazza, Flower, 

and other savants, the most 

- perfect FACSIMILES OF RACE 
TYPES ever made. {| Of special interest 
are OUR COLONIAL ABORIGINES, 
from Guam, Samoa, Hawaii, and Philip- 
eon. Very appropriate for School, Office, 
ibrary, or Reception Hall. Although pri- 

marily educational they form unique and 
striking *wall decorations. Full descrip- 
tion with each mask. 


Price, securely packed, $4.00 each. 
The four Colonials, $15. Any ten, $35. 


Anatomical Laboratory of Charles H. Ward 
381 West Ave., Rochester, N.Y. 


Circular on request. 


Che Land of Manatee 


described and illustrated, 
its wonderful resources 
shown, and its strange and 
absorbingly interesting 
history recounted, in the 
Seaboard Magazine. 


SENT FREE ON REQUEST 


J. W. WHITE, General Industrial Agent 
PORTSMOUTH, VIRGINIA 


Seaboard Air Line Railway 
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The Best Xmas Gift 


One that will give the recipient _ 
the most genuine and lasting pleasure is a 


> Paul E. Wirt 
Fountain Pen 


The original fountain pen. Oldest and best 
by test of years. 


Always Ready Always Writes 
Over 100 styles. Suitable for any purse and hand. Sold 
by best dealers 
Send for catalogue showing styles and prices 


Box G11, Bloomsburg, Pa. 


BAUSCH @ LOMB 
PROJECTION 
APPARATUS 


he most complete lecture 

room projector ever pro- 
duced. Lantern slides and 
microscopic objects shown 
consecutively without 
change of light or recenter- 
ing. 


CATALOG C ON REQUEST 


Bausch @ Lomb Optical Co. 


. Photographic Lenses 
nses, Field etc. 


Manufacturers Microsco 
and Shutters, Eyeglass 


Rochester, N.Y. 
New York Chicago 
Boston San Francisco 
Frankfurt A/m Germany 


Ab 
a) 


| Agents desired 
to deal directly 
with the Factory 


». ‘ 


/ 


Se Main Office 
| 346 Broadway, 
New York US.A. 
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The 


Hammond Typewriter 


WEAHE HAMMOND TYPEWRITER has been, since 
fH its introduction in 1884, the Favorite Writing Ma- 
chine of the Educated, the Literary, and the Pro- 
fessional Man. We can point to College Professors by 
hundreds, and to College Alumni by thousands, who are 
users of the Hammond. 

Their preference for it is not accidental, but is due to 
the inherent merits of the machine itself. The printing of 
the Hammond is automatic— independent of the operator’s 


’ touch—therefore, the novice can do as good as the expert; 


the type of the Hammond is interchangeable, therefore the 
Linguist can write on one Hammond any desired language; 
mathematical and algebraic signs are provided; therefore, 
the Mathematician and the Scientist can work out equa- 
tions and problems; and finally, the work is in sight, which 
renders easy the orderly arrangement of tabulated matter. 


The 
Hammond Typewriter Company 


Factory and General Offices, 
69th to 7oth Streets & East River, Mew York City, N. Y. 
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MEDICAL OPINIONS 


BUFFALO 
WATER 


“All the Argument Necessary.” 


The International Journal of Surgery, August, 1905, under the heading 
“CysTITIS,’’ says: ‘‘In the treatment of Cystitis, water is the great aid to all forms of 


medication, is the ideal form in which to administer 
Moreover, BUFFALO LITHIA WATER it to the Cystitic patient, as it is not 
only a pure solvent, but has the additional virtue of containing substantial quantities of 
the Alkaline Lithates. Patients should be encouraged to take two quarts per day, if 
they can, and the relief they will obtain will be all the argument necessary after the 


first day or so.”’ 


“The Results Satisfy Me of Its Extraordinary Value.” 

Dr. Jos. Holt, of New Orleans, Ex-President of the State Board of Health of 
Louisjana, says: in affections of the kidneys and 
“‘Thave prescribed BUFFALO LITHIA WATER urinary passages, particularly in 
Gouty subjects, in. Albuminuria, and in irritable condition of the Bladder and 


Urethra in females. ‘The results satisfy me of its extraordinary value in a large class 
of cases usually most difficult to treat.’’ 


“I Have Witnessed Decided Beneficial Results from Its Use.” 
Weihase B. Towles, M.D., /ormeriy Professor of Anatomy and Materia Medica of 
the University of Vir- are marked in causing a disap- 
ginia: “The effects of BUFFALO LITHIA WATER pearance of Albumin from the 
urine, and in ceftain stages of Bright’s Disease I have witnessed decided beneficial 
results from its use.”’ 

“Results, to Say the Least, Very Favorable.” 

T. Griswold Comstock, A. M., M. D., Si. Louis, Mo., says: ‘‘I have 
made in gynecological practice, in women suffering 
use of BUFFALO LITHIA WATER from acute Uremic conditions, with results, 
to say the least, very favorable.” 

Additional medical testimony on request. 

For sale by the general drug and mineral water trade. 


PROPRIETOR BUFFALO LITHIA SPRINCS, VIRCINIA- 


Ws 
a 
7 
- 
> 


80 Leader 1905 
1780 for 125 Years 19 Consumption 


Walter Baker &Go°s | | | Pneumonia 


pertect 00d, highly Chlorides ¢ 
nourishing, easily di- nothing by Chlorides 


gested, fitted to repair 
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wasted strength, pre- The Odoritess 

serve health and pro- sickness. Disinfectant. 

Registered long life. one odor 
Of. and handsomely the cause. 

illustrated Recipe Book sent free. A guid destroys 

Walter Baker & Co. Ltd. 


45 Highest Awards 
In Europe and America 


THE DAINTIEST SOAP MADE is HAND SAPOLIO for toilet and 
bath. Other soaps chemically dissolve the dirt— HAND SAPOLIO removes 
it. It contains no animal fats, but is made from the most healthful of the 
vegetable oils. It opens the pores, liberates their activities, but works no 
chemical change in those delicate juices that go to make up the charm and 
bloom of a perfect complexion. Test it yourself. 


THE FAME OF SAPOLIO has reached far and wide. Everywhere 
in millions of homes there is a regard for it which cannot be shaken. 
Sapolio has done much for your home, but now for yourself—have you 
ever tried HAND SAPOLIO, for toilet and bath? It is related to Sapolio 
only because it is made by the same company, but it is delicate, smooth, 
dainty, soothing, and healing to the most tender skin. It pleases every one. 


ITS USE IS A FINE HABIT—ITS COST BUT A TRIFLE 


have been established over go YEARS, By our system Ono 
[ANOS every family in moderate circnmstances can 
We take old instruments in exchange 
ver 


VOSE & SONS PIANO CO., 160 Boyiston St., Boston, Mass. 
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